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I. INTRODUCTION 
The present day livestock producer is interested in an animal 
that will mature early and yield a marketable product in minimum time. 
The dairy producer wants heifers to grow rapidly and become sex­
ually mature to start producing milk at an early age. A milk cow is 
a liability until she has produced enough milk to pay for her rearing 
costs, less her salvage value. 
Present methods of sire selection favor those bulls whose daugh­
ters grow rapidly and mature early. Breeders tend to select the larg­
er individuals and cull those that show slow development. Present 
methods of selection for increased level of production might favor the 
early maturing individuals if early maturity is genetically correlated 
with increased level of production. 
On the other hand, some believe maximum production results from 
normal growth and that accelerated metabolic activity "wears out" or 
"burns out" the cow before her time (Brody, 1964). Concern has been 
expressed that selection of sires on first-lactation performance of 
their daughters fosters the development of animals with short produc­
tive lives. Research work by McCay and his associates on rats (1935) 
has shown that by reducing the caloric intake the average length of 
life can be almost doubled. Although Rendel and Robertson (1950) 
reported that longevity is not of major importance in the economics of 
milk production, they point out that even a slow but gradual reduction 
in longevity should be avoided, Pearson and Freeman (1973), however, 
showed the replacement costs can be major variables in net returns. 
2 
A further complication is that a dairy cow's actual production 
usually increases with age until she is around six to nine years of 
age (Lush, 1948). Andrus ^  al. (1970) found that less than 35 per 
cent of Iowa dairy cows survive to six years of age. The average use­
ful herd life of all cows included in the study was 3.12 years. 
Maximum genetic progress in large populations of dairy cattle can 
be made by utilizing a sound progeny testing program. In progeny 
testing dairy bulls, considerable reliance must be placed on first 
calf heifer records. This is inevitable because of the time needed to 
test a bull. Adequate information on heifer records alone is generally 
not available until the bull is almost six years old. To wait for 
later lactations increases the risk that the bull will be dead by the 
time he could be accepted for extensive use, increases the cost of 
such a program and reduces its value by lengthening the generation 
interval. The average stud life of a bull returned to service at five 
or six years of age is three to five years. Waiting another year or 
more for later lactation performance materially reduces the expected 
stud life. 
It is difficult to study maturity and longevity in dairy cattle 
because most cows do not die a natural death. However, because of the 
relationship between age and production level it is possible to obtain 
corresponding measurements of rate of maturity and level of production. 
This study was conducted to investigate to what extent differences 
in rate of maturity in dairy cattle are genetically determined. This 
3 
was done by evaluating several measures of maturity rate and determin­
ing the relationships among them. 
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II. REVIEW OF LITERATURE 
No single measure of rate of maturity has been accepted by the 
dairy industry. Age at first calving, increase in production from 
first to second lactation, and age at maximum lactation yield are 
some of the measures of maturity which have been studied. 
Because of the extensive literature on maturity and the genetic 
and environmental influences relating to the subject, the review is 
divided into three sections. The first section includes some of the 
work on maturity and longevity conducted with species other than dairy 
cattle. The second section covers those studies dealing primarily 
with environmental influences on maturity and longevity. The last 
section of the review is devoted to the genetic aspects of maturity 
and the relationships between milk production traits. 
A. Maturity and Longevity of Other Species 
Maturity and longevity have not been studied extensively in dairy 
cattle because of the long life-span and costs involved. Much of the 
early work has been conducted with laboratory animals with relatively 
short life-spans and where the nutritional requirements are better 
known. 
Many of these studies were nutritionally oriented but some of the 
results have genetic implications which may be important in developing 
breeding plans for larger farm animals. 
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In one of the early studies on maturity, Kellog and Bell (1903) 
observed that metamorphosis in silkworms required more time than usual 
when they were underfed. Well-fed silkworms produced more eggs than 
those which had been starved. Restricting the food supply Northrop 
(1917) prolonged the life-span of Drosophila. 
Osborne et^ (1917) reported that reproduction continues even 
beyond two years of age and that the life-span is prolonged in rats 
stunted by low intakes of feed. The normal life-span for white rats 
is about two years. These findings were later substantiated by 
McCay e^ (1935) in an experiment designed to study the effect of 
retarded growth on ultimate body size and longevity in white rats. A 
total of 106 rats were divided into three groups at the time of wean­
ing. The 34 rats in Group I were allowed all the feed desired and they 
grew normally. Group II contained 36 rats which were restricted in 
feed intake from the time of weaning. The 36 rats in Group III were 
allowed sufficient feed to permit normal growth for two weeks after 
weaning and then restricted in the same manner as Group II. 
McCay £t al. (1935) designed a diet to provide an excess of all 
recognized essentials for rapid growth except sufficient calories. The 
"stair-step" method of retarding growth was used. This method consists 
in holding the animal at a constant weight for a period of weeks, then 
allowing it to make a slight gain at a normal growth rate. This is 
followed by another period of constant body weight. Usually a growth 
of ten grams was permitted to each rat of the retarded groups at 
intervals of two to three months. The periods of holding them at a 
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constant weight were determined by the appearance of the individuals. 
At the time the surviving rats were 766 days old, the retarded groups 
were each subdivided. Half of the rats in each group were given all 
the feed desired. The other half remained on the restricted diet 
until termination of the experiment. The purpose of the subdivision 
was to determine if any difference in the ability to resume growth 
existed between the 766th and 911th days. 
The growth curves for the three groups indicated that the retarded 
animals were able to resume growth even after a prolonged period of 
restricted energy intake. The undeveloped males retained their po­
tential growing ability at a higher level than the females even after 
living to nearly twice the average life span for this sex. However, 
neither sex attained the same final weights as did those allowed to 
grow rapidly to maturity. 
McCay £t al^. (1939) obtained similar results for a study designed 
to verify the results of the previous experiment. Rats were retarded 
in growth for periods of 300, 500, 700, and 1000 days before being 
allowed to grow to maturity. Members of each of these groups were 
alive when the last of the control groups had died at an age of 965 
days. Animals retarded for even 300 days were unable to reach the 
mature size of the normal rat. After 1000 days of retardation only 
part of the rats were able to resume growth when adequate energy was 
allowed in the diet. Even at this extreme period, the male tended to 
grow to a larger size than the female. 
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One sign of sexual maturity in rats is the age at which the 
vaginal orfice becomes established. Using this measure, Blunn (1939) 
showed that as the rate of growth in rats increases the age at the 
onset of sexual activity decreases. He was able to develop inbred 
lines with significant differences in both age at sexual maturity 
and rate of growth. These lines were developed under controlled 
environmental conditions and the differences were apparently genetic. 
Age at sexual maturity appeared to be more heritable than growth rate. 
Hazel and Lamoreux (1947) found a negative phenotypic and genetic 
correlation between weight as 22 weeks and age at the laying of first 
egg in poultry. 
Monteiro and Falconer (1966) used mice to investigate compensa­
tory growth and sexual maturity. They found differences in early 
growth rate affected the age but not the weight at which sexual maturity 
occurred, as measured by age at vaginal opening. Compensatory growth 
took place when age at sexual maturity was delayed. 
Several studies to estimate genetic parameters in mice have shown 
results similar to the work reported by Eisen (1973). In this study, 
genetic and phenotypic influences on age at sexual maturity were 
examined in weanling (3 week) female mice paired continuously with an 
adult male. The presence of a mature male influences the age at which 
the young female is capable of mating. Age at sexual maturation was 
measured as the date of first vaginal plug. The vaginal plug forms 
within 12 hours following mating. 
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Eisen (1973) reported paternal half-sib heritability estimates 
for age at vaginal plug, weights at vaginal plug, weight gain from 
weaning to vaginal plug, gain per day and number of young born alive 
were 0.13, 0.35, 0.15, -0.10 and 0.16, respectively. The genetic 
correlations between weight at vaginal plug and weaning weight, gain 
and number bom were all positive. 
Size at sexual maturity and final mature size of the animal appear 
to be genetically controlled. Interruption of the normal growth pat­
tern of young animals will delay sexual maturity. Compensatory growth 
is necessary and a minimum weight is attained before sexual maturity 
is reached independent of age. Within normal levels of nutrition, 
differences in maturity appear to be heritable. 
B. Environmental Influences on Maturity and 
Longevity in Cattle 
Plum and Lush (1934) used 2541 lactations from 1073 purebred cows 
from Iowa Cow Testing Associations to study the age at which dairy 
heifers actually freshen for the first time. The mean age at first 
freshening was 27.1 months, but the distribution was decidedly skewed 
with the mode at 24 months. Heifers fed liberally enough to approach 
Advanced Registry conditions and heifers fed poorly calved later than 
those which received about average feeding, but this relation was too 
slight to be of practical importance. One-fourth of all purebred 
calves were out of dams less than 36 months old. One-half were out of 
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dams less than four years and four months old while only one-fourth 
were from dams as much as six years and three months old when these 
calves were bom. This suggests a relative scarcity of mature and old 
cows in the dairy cattle population sampled. 
Several studies on the effect of rearing intensity on growth and 
production have been conducted by Swedish workers using identical twins 
of the Swedish Red and White breed. Bonnier and Hansson (1946) report­
ed on growth work with nine pairs of monozygous twins. One twin in 
each pair was reared on a high-level ration, the other on a low ration. 
From 1 to 27 months of age, the actual food comsumption was 1,928 
Scandinavian food units on the low level and 3,705 food units for the 
high level. After the first calving, all twins were fed according to 
their individual live weights and their production of fat-corrected 
milk. On the basis of the growth data to 27 months of age, Bonnier 
and Hansson concluded that though the rate of growth was greater on an 
average for the high-line animals than for the low-line animals, there 
were large differences between different pairs and these differences 
must be an expression of genetic fixation. 
Another experiment was started in 1943 to complement the original 
study. Eight sets of identical twins were included in the experiment. 
A low and high level of nutrition were compared, but the difference in 
feeding intensity was less than in the first experiment. From 1 to 27 
months of age, the twins on the low and high levels received 2,196 and 
3,486 feed units, respectively. The differential feeding rates were 
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continued after calving with the twins on the high plane receiving 
12 1/2 per cent more and those on the low plane 12 1/2 per cent less 
than normally recommended by Swedish standards for dairy cattle of 
this age and level of production. Bonnier e^ al. (1948) reported that 
cows on the high ration as heifers were larger and gave more milk than 
those on the low levels. The differences were not as large in the 
second lactation. Weight and production were essentially the same for 
the third lactation. 
Hansson (1956) concluded that intensity of rearing had a large 
influence upon rate of growth, but that the size of the adult body was 
only slightly affected. The intensity of rearing apparently had a 
relatively small influence on milk production under the limits of these 
two experiments. 
Because the results suggested that the genetical determination 
of the size and conformation of the adult body was far more precise 
than had previously been supposed, Hansson (1955) initiated more 
comprehensive rearing experiments with identical dairy heifers in 
1947 and 1950. Sixteen pairs were included in the third experiment 
and 27 pairs in the fourth. As a result of the experiments, Hansson 
(1956) reported that intensity of rearing has a great influence on the 
rate at which an animal develops and that this in turn influences the 
length of life. Within the limits of feeding used in these experiments, 
rearing intensity seemed to have little or no influence on body develop­
ment at maturity. Thus, heredity seems to direct the body development 
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to the same end-point within the limits of feeding levels used in 
these experiments. The restricted diets were not maintained as long 
or as low proportionately as the rat experiments, but do approach 
the practical limits found in dairy cattle. 
Crichton e^ (1959) used eighteen pairs of identical and six 
pairs of fraternal twins of the Friesian and Ayrshire breeds to study 
four systems of rearing. The treatments were: (1) a continuous high 
plane of nutrition from birth to first calving (HH); (2) a high plane 
for the first 44 weeks followed by a low plane until two months before 
calving (HL); (3) a continuous low plane until two months before calv­
ing (LL); and (4) a low plane to 44 weeks followed by a high plane 
to first calving (LH). The high plane total digestible nutrients 
allowance was 110 per cent of the normal recommended levels and the 
low plane allowance was 70 per cent for calves up to six months of age 
and 60 per cent thereafter. At 44, 80, and 104 weeks of age there 
were highly significant differences between the groups in all weights 
and measurements due to treatments. Low plane feeding had little 
effect on growth of the skeleton as compared with live-weight. All 
groups reached sexual maturity at the same stage of physical develop­
ment but at different ages. The HL group were the slowest to reach 
maturity. 
Brumby and Hancock (1956), in a preliminary report on 15 pairs of 
identical and 15 pairs of fraternal twins, concluded that prenatal 
environment and contemporaneity had a marked effect on growth, yet 
little effect on milk production. 
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Freeman (1969) reported on the results of an experiment designed 
to measure genotype by environment interaction and the effects of 
contemporaneity upon growth and production in Holstein twins. Two 
feeding regimes were used. They differed only in the amount of grain 
fed. The high grain ration was approximately 110 per cent of Morri­
son's standard while the low grain ration was approximately 90 per cent 
of Morrison's standard. The experimental design used four pairs of 
twins as a replicate. The first pair of each replicate was placed on 
the high ration. The second and third pair were split with one member 
on the high and the other member on the low ration. Both members of 
the fourth pair were placed on the low ration. 
The high grain ration animals received up to 6 pounds of grain 
per day until calving. After calving they received 1 pound of grain 
per 2 pounds of milk for all milk over 10 pounds per day. A maximum 
of 20 pounds of grain per day was allowed. They received 6 pounds of 
grain per day during dry periods. 
The low grain ration animals received up to 6 pounds of grain per 
day up to nine months of age. No grain was fed to the low group be­
tween nine months of age and calving. After calving they received 1 
pound of grain for each 6 pounds of milk for all milk over 10 pounds 
per day. A maximum of 20 pounds of grain per day was allowed. Low 
ration animals received no grain during dry periods. 
Data from 21 split identical pairs, 22 uniform identical pairs, 
18 split fraternal pairs and 13 uniform fraternal pairs were included 
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in the report by Freeman (1969). He found the interaction of level of 
grain feeding with genotypes appears to be negligible as a source of 
error in choices among genotypes for either growth, milk or milk fat 
production. The effects of contemporaneity were large for growth 
traits at younger ages but diminished to near zero by two to three 
years of age. 
The conclusions reached by Freeman (1969) on the effects of 
contemporaneity on growth traits raises serious questions about the 
genetic interpretations of many of the studies on growth traits with 
identical twins. Contemporaneity is used to describe the situation 
where environmental factors, including the intra- and the extra­
uterine effects, are experienced at the same stage of life and are 
expected to be more similar for twins than nontwins (Rindsig, 1973). 
Effects of contemporaneity are confounded with pair effects and 
as a result between pair differences tend to over estimate genetic 
differences. When all pairs of twins in an experiment are split be­
tween treatments, there is no error term to test differences. In 
addition, most of the twin work reported in the literature is based 
on very small numbers. For these reasons the results of the twin 
studies must be evaluated with caution. The results indicate that 
size at sexual maturity in dairy cattle is genetically controlled in 
a manner similar to that in other species described in the previous 
section of this review. 
Parker e^ al. (1960) studied the disposal records over a 40 year 
period on 505 Holstein and 489 Jersey cows in the USDA herds at 
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Beltsville, Maryland. The experiment was designed for no cattle to be 
culled for low production or poor type. This is difficult to accom­
plish in any case. Project personnel can easily fail to breed a cow 
that is a problem to milk because of a poor udder or other physical 
trait. In the experiment, removal from the herd for failure to breed 
was the largest cause for disposal. Nonbreeders were defined as cows 
open at the end of 305 days and heifers open at 24 months of age. 
There were 41.3 per cent of the Holsteins and 21.3 per cent of the 
Jerseys in this category. Longevity was measured in terms of age at 
last calving prior to disposal. Heritability estimates were computed 
from the intra-sire regression of daughters on dams and from paternal 
half-sib correlations. The estimate of heritability obtained from 286 
Holstein daughter-dam pairs was 0.008. For 277 Jersey pairs the 
estimate was 0.050. Using the paternal half-sib analysis the estimates 
were 0.188 and 0.017 for the Holsteins and Jerseys, respectively. The 
correlations between longevity and first lactation yield were 0.18 in 
the Holstein and 0.19 in the Jersey data. 
Estimates of longevity are difficult to obtain in dairy cattle 
because dairymen seldom retain cows in the herd to die a natural death. 
Heritability of longevity as estimated in this study appears so low 
that selection for this characteristic would result in little, if any, 
improvement. It seems reasonable that natural selection for longevity 
has occurred in the evolution of dairy cattle. Those animals living the 
longest would be expected to have more offspring in the following gen­
eration. The low positive correlation found between longevity and 
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first lactation production in both the Holstein and Jersey herds 
suggests that those heifers with the higher first lactations do remain 
in the herds longer than those heifers with lower production in their 
first lactations. This is particularly gratifying in view of the 
present methods of sire evaluation. Commercial dairymen will retain 
a high-producing cow with, for example, a pendulous udder longer than 
a lower producing cow with a similar physical condition. The study 
by Parker e^ al. (1960) is presumably free of this bias which will 
occur in a study of commercial dairy herds. 
In a later study, Gaalass and Plowman (1963) reported similar 
results. The data were from herds cooperating with the bull-loaning 
program from the Beltsville Station. Production and age data on 3,879 
daughters of 123 Holstein sires were available for the study. Linear 
regressions of final age (as defined in the previous study) on first 
lactation production were 0.071 months per pound of milk fat and 0.024 
months per ten pounds of milk. Herd owners were required to keep all 
cows until completion of at least one lactation record. No restric­
tions were imposed on culling after the first lactation and it is 
probable that this study may be biased as compared to the study report­
ed by Parker e^ (1960). The results may merely reflect the influ­
ence of culling low producers. However, the regressions are positive 
and supports the fact that cows with higher production levels in their 
first lactation do remain in the herd longer. 
Reid e^ al^. (1964) reported on an experiment started in 1947 at 
Cornell University to determine the effects of the plane of nutrition. 
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from birth to first calving, on the reproductive and productive per­
formance, size and longevity in Holstein cows. The report was for 
cows through the fifth-calving stage of life. Three planes of 
nutrition were fed continuously fron birth to the time of first calv­
ing. The three planes were 62 per cent, 100 per cent and 146 per cent 
of the TDN levels recommended by Morrison (1955) as the upper limits 
for normal growth and development of dairy heifers. A total of 102 
heifers, 34 in each nutritional plane group, were alloted to the 
experiment. It was planned to breed all heifers at the first heat 
occurring after eighteen months regardless of body size. After the 
first calving, all animals were fed according to production and mainte­
nance needs with an additional allowance for growth between the first 
and second calving. At first calving the low-level heifers weighed 
80 per cent and the high-level heifers weighed 114 per cent as much 
as the medium-level heifers. The average gains in body weight between 
first and second calvings were 390, 225, and 183 pounds for the low-, 
medium-, and high-level groups, respectively. Even as late as the time 
of the fifth calving, the high-level cows weighed 53 pounds more and 
the medium-level cows 59 pounds more than the low-level cows. The 
average ages, in weeks, at the onset of puberty were: low, 88; medium, 
49; and high, 40. Despite the age differences, the body size of the 
heifers at the time of first heat was about the same regardless of the 
feeding level on which they were reared. There was no apparent dif­
ference in number of services required to conceive for any of the 
groups up through the fifth pregnancy. A higher incidence of dystocia 
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at first parturition was reported for the low-level heifers. Calf 
losses were essentially the same in the three groups up through the 
fifth calving. Four high-level cows failed to conceive, whereas none 
of the low- or medium-level cows failed to conceive through the fifth 
lactation. Reid _et _al.. (1964) point out that no significance can be 
attached to this failure at the present time. The feeding regimes 
imposed during early life were not different in their effect on the 
milk or milk fat yield during any of the first four lactation periods. 
However, appreciably more 4 per cent Fat-Corrected Milk per unit of 
metabolic size was produced by the cows of the low and medium groups 
than by those of the high group during the first four lactation 
periods. 
Reid _et _al- (1964) concluded that, "in this experiment the per­
formance of cows reared on the high plane of nutrition is inferior 
to that of those reared on the lower nutritional levels and that 
intense rearing is uneconomical, at least when heifers are bred as 
late as eighteen months of age." 
The results of these studies on nutritional influences during 
rearing on mature body size, production and longevity indicate that 
mature body size is genetically controlled. Unless there is a pro­
longed period of gross underfeeding the animal body apparently has 
the ability to grow to mature size on about the same amount of total 
nutrients as if no restrictions are imposed on nutrient intake during 
the normal growing period of the life cycle. 
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C. Heritability, Repeatability, Genetic and Phenotypic 
Correlations of Milk and Milk Fat Production 
Milk and milk fat production provide the main source of income 
for most dairymen. The mode of inheritance of these production traits 
and the relationship between them in different lactations has been 
widely studied. Because of the magnitude of the literature dealing 
with this subject, only those studies similar to the present one are 
included in this review. Those papers dealing primarily with genetic 
differences in maturity are included in this section. 
Lush and Shultz (1936) in one of the early studies on the herit­
ability of milk fat production reported that about one-fourth of the 
variance in total milk fat production could be construed as heredi­
tary in the simple additive manner. The estimate was made from the 
intra-sire correlations of 2,385 daughters and dams from 355 dairy 
sires proved in Iowa. It is notable that this is still an acceptable 
estimate. 
Berry and Lush (1939) estimated the correlations between different 
lactations using 115 Holstein cows and their daughters with production 
records made in the Herd Improvement Registry (H.I.R.) program. All 
cows had at least six lactations recorded and their daughters had at 
least two. The correlations between the first, second and third 
records of the dams with the average of the first two records of the 
daughters were 0.24, 0.14, and 0.23, respectively. 
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Johansson and Hansson (1940) studied 7,000 lactation records 
from 3,000 cows of Swedish Red and White cattle. They found the 
intra-herd repeatability of differences in single lactation records 
to be 0.36 among corrected records of some 300 cows with at least 
five records each. Corresponding heritability estimates were between 
30 to 40 per cent for total milk and milk fat yield on a single 
record basis. The daughter-dam correlation was considerably higher 
for first lactation yield than for the second and the first lactation 
yield was also higher than for the third. The authors suggested the 
preliminary evaluation of the producing ability of the cow can best be 
done using only the first lactation yield even when the second record 
is available. Many early authors did not adjust for extraneous sources 
of variability which probably biased their estimates of heritability 
and repeatability. 
Using cows that had completed at least six records. Berry (1945) 
obtained the following intra-herd correlations: 0.27 between first 
and second records; 0.28 between second and third; and 0.29 between 
first and third. The intra-herd correlation between daughter and dam 
was 0.07. Berry estimated that, had the cows not been so highly 
selected, a heritability value of about 0.20 would probably have been 
obtained. 
Single production records of 6,888 daughters and the mates of 374 
Ayrshire sires were used by Tyler and Hyatt (1947) to compute estimates 
of heritability and genetic correlations of milk, milk fat and per cent 
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milk fat. Twice the intra-sire regression of daughter on dam was used 
to estimate heritability on a single record basis. The estimates 
were 0.31 for milk, 0.28 for milk fat and 0.55 for per cent milk fat. 
The observed phenotypic correlations between these variables for the 
same cow were 0.93 between milk and milk fat production, -0.14 be­
tween milk and percentage of milk fat and 0.23 between percentage of 
milk fat and milk fat production. The corresponding genetic correla­
tions were 0. 85, -0.20 and 0.26, respectively. 
This is one of the better studies found in the literature with 
Ayshire data. The estimates for heritabilities and genetic correla­
tions agree well with estimates reported for other breeds. 
Mahadevan (1951) used 5,000 lactation records from 12 leading 
Ayrshire herds to study the effect of environment and heredity on 
lactation yield. The first 180 days of the lactation period were used 
as the measure of production. This presumably eliminated the effect 
of variations in length of current calving interval on milk yield. The 
records were also adjusted for age and month of calving. There were 
503 cows with three or more consecutive lactations. The correlations 
between the first and second, first and third and second and third 
records were 0.659, 0.526, and 0.631, respectively. A total of 732 
daughter-dam pairs from 65 sires, each with at least five pairs, were 
used to estimate heritability of milk production. Doubling the intra-
sire regression of daughter on dam gave an estimate of 0.266 when 
expressed in terms of a single record basis. 
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Touchberry (1951) used 187 Holstein dam-daughter pairs sired by 
22 sires to estimate genetic correlations between body measurements 
and milk and milk fat production. Twice the intra-sire correlations 
gave estimates of 0.25 and 0.35 for heritability of milk and milk fat 
production, respectively. The phenotypic correlation between milk 
and milk fat was 0.871 and the corresponding genetic correlation was 
0.707. 
Johansson (1955) analyzed the milk fat production of 4,912 
daughter-dam pairs of Swedish dairy cattle. By doubling the intra-
herd regression of daughter on dam he estimated heritability to be 
0.33 + 0.050 for first lactations, 0.10+ 0.047 for second lactations 
and 0.24 + 0.044 for third lactations. The heritability was estimated 
to be 0.21 for the average yield in the first three lactations. 
Johansson concluded that "under the conditions of feeding and manage­
ment prevailing in medium and high-producing Swedish herds of dairy 
cattle the first lactation record is clearly superior to the second 
as an indicator of the breeding value of a cow, and it seems to be 
slightly superior to the third lactation." 
This was one of the first studies to demonstrate a large dif­
ference between the heritability estimates for first and second 
lactations. Selection based on first lactation production is one of 
the causes for the difference. 
Hickman and Henderson (1955) used 3,912 paired 305-day, 2X, M.E. 
lactation records to study genetic influences on maturity rate in 
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dairy cattle. The Holstein cows were from 1,094 different herds and 
represented the offspring of 126 A. I, sires. The objective of the 
study was to determine whether first lactation production is influ­
enced by differences in rate of maturity. Increase in milk and milk 
fat production from first to second lactation and age at first calv­
ing were used as measures of maturity. Data were analyzed according 
to a general factorial arrangement of herds, sires and year-seasons 
in an attempt to correct for seasonal variation which was found to be 
important in an early analysis. The genetic correlation between 
milk fat production in first lactation and increase from first to 
second lactation was 0.248. The corresponding figure for milk pro­
duction was -0.040. The genetic correlation between age at first 
freshening and increase from first to second lactation milk fat pro­
duction was 0.748. In this study, Hickman and Henderson (1955) report­
ed the heritability of rate of maturity reflected in change of pro­
duction with age to be one-third to one-fourth that of level of pro­
duction. Although no estimates were given in the report, it is pos­
sible to compute heritability estimates from the components of vari­
ance given. The estimate for milk production in the first lactation 
is 0.56 and that for milk fat production in the first lactation is 
0.64. Using the components for increase from first to second lacta­
tion the estimates computed are 0.24 and 0.19 for milk and milk fat 
increases, respectively. The heritability estimates for milk and 
milk fat in first lactation are larger than most found in the litera­
ture. If the estimates of heritability of maturity rate as measured 
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by increase from first to second lactation are also inflated, we 
would expect estimates in the range of from 0.08 to 0.20 for maturity 
rate. This is one of the first studies on genetic influences on 
maturity in dairy cattle available in the literature. 
Khishin (1956) used the records of about 1,300 daughter-dam 
pairs of seven breeds of British cattle to study maturity in dairy 
cattle. He defined the cow's maturity index as the ratio of the 
second intensity to the first intensity yield. Using 305-day records 
as the measure of intensity he estimated heritability of the cow's 
maturity to be 0.184 when pooled over all breeds. The analysis was 
based on intra-sire daughter on dam regressions within herds. The 
largest estimate of heritability was 0.296 for 162 daughter-dam pairs 
of the Guernsey breed from 35 sires. The smallest estimate was 0.112 
for 276 pairs of the Ayrshire breed from 30 sires. The estimate for 
356 pairs of Friesian cattle from 47 sires was 0.192. 
Rende1 _et _£l- (1957) analyzed milk records from 3,109 cattle of 
the six main dairy breeds in England and Wales to study the inherit­
ance of milk production characteristics. Estimates of repeatability 
on a 305-day lactation basis were computed by calculating the correla­
tions within groups of five cows grouped according to the date of the 
start of their first lactation. This method was used in an attempt to 
exclude similarities between different lactations of the same cow 
which might be due to trends in the herd management level. The cor­
relations between lactations were 0.40 between first and second, 0.34 
24 
between first and third and 0.44 between second and third. Doubling 
the intra-herd, intra-sire regression of daughter on dam was used to 
estimate heritability of milk yield for first and for second lacta­
tions. The estimates were 0,43 + 0,06 for first lactation and 0,24 
+ 0.07 for second lactation. Rendel _et _al* (1957) concluded that 
"as a consequence of the low heritability of the second lactation 
yield, the average yield of the first four lactations proved to have 
no more value as a prediction of a cow's breeding merit for yield 
than did her heifer yield," The effects of selection on first lacta­
tion yield were not discussed, 
Robertson and Khishin (1958) used the offspring of 1,273 sires of 
five breeds of cattle from England and Wales to study the inherited 
capacity to yield well in the first lactation and its connection 
with subsequent increase in yield with age. This was done by regress­
ing the increase from first to second lactation and increase from 
second to third lactation on the contemporary comparison in lactation 
one. The contemporary comparison is the mean weighted difference 
between the heifer yields of a bull's daughters and those of other 
heifers in the same herd in the same year. The observed regressions 
were close to zero after correcting for bias both for increase from 
first to second lactation yield (-0.08) and for the increase from 
second to third lactation yield (0.09). There were little differences 
between the breeds and the range of variation was within that expected, 
in view of the respective standard errors. The conclusion was that the 
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genetic regression of increase to maturity on yield in the first 
lactation is close to zero and that selection on first lactation 
yield should lead to as much improvement as later records as it does 
in the first. 
Records on 4,677 Holsteins, 1,001 Guernseys, and 501 Jerseys 
from Michigan D.H.I,A. herds were used by Miller and McGilliard (1959) 
to investigate the relation between weight at first calving and milk 
production during the first lactation. Weight was estimated by means 
of taped chest-girth measurements. These data were used to fit con­
stants by least squares for independent influences of age and weight 
on production in the first lactation. The results indicated that 
delaying calving of heifers is not economically sound and that heavier 
heifers have little or no advantage over lighter heifers of similar 
age. Intra-herd partial regressions were about 75 pounds of milk per 
month of age and 200 pounds of milk per 100 pounds of body weight at 
first calving. The large correlation between herd average of weight 
and production contributed significantly to larger partial regressions 
of milk on weight when herds were ignored. The genetic correlations 
between weight and production were of the order of 0.30. Heritability 
estimates from paternal half-sib correlation analysis ranged from 0.4 
to 0.8 for weight and from 0.3 to 0.6 for first lactation milk pro­
duction. The authors suggest that dairy heifers should be bred as 
soon as large enough to minimize possible harmful effects on length of 
productive life. Also, selection for increased milk production may 
result in larger size. They point out that correcting production for 
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weight should be based only on the environmental part of the re­
lationship between weight and production to avoid removing genetic 
variation in production. 
Freeman (1960) used the records from Holstein cows in the Iowa 
Board of Control Herds to study the heritabilities and phenotypic and 
genetic correlations among the first three lactations. Records were 
expressed as deviations from the annual herd average. The estimates 
of heritability for milk production were 0.36 for lactation one, 0.24 
for lactation two and 0.26 for lactation three. The corresponding 
estimates for milk fat were 0.43, 0.35 and 0.26, respectively. He 
obtained estimated genetic correlations of 0.80 and 0.68 for milk fat 
and milk, respectively, for those pairs with two lactations each. For 
those pairs with three lactations each, the estimates were 0.57 and 
0.78 for milk and milk fat for first and second lactation; 0.38 and 
0.41 for first and third lactation; and 0.39 and 0.41 for second and 
third lactation, respectively. The genetic correlations between first 
and third and second and third lactation yield for both milk and milk 
fat are smaller than most estimates in the literature. 
Hansson and During (1961) used field data from the three main 
dairy breeds in Sweden to study the reliability of heifer records in 
progeny testing. Only those cows were included which had three lacta­
tions. Yield was expressed as Fat-Correct Milk (F.C.M.). In all 
three breeds, the heritability estimates of the first lactation yields 
of F.C.M. were larger than in second and third lactations. The esti­
mates for the first, second and third lactations for the Swedish Red 
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and White cattle were 0.36, 0.17 and 0.15 with an average of first to 
third lactations of 0.29. Estimates for the Swedish Friesian breed 
were 0.25, 0.12 and 0.17, with an average of 0.20. The corresponding 
estimates for the Swedish Polled cattle were 0.33, 0.18, 0.29 and 
0,35 for the average, respectively. They concluded that the fact 
that the first lactation is superior to the second and third, and at 
least equivalent to the average of all three records, as an indicator 
of the cow's inherent milk-yielding capacity, supports the view that 
considerable reliance may be placed on heifer records in the progeny 
testing of bulls. 
Johnson and Corley (1961) used 8,413 records from 200 to 305 days 
in length from 38 Brown Swiss herds in the H.I.R. program in Wisconsin 
to estimate heritability and repeatability of milk and milk fat pro­
duction. There were 210 daughter-dam pairs which had three or more 
lactations each. Doubling the intra-sire regression of daughter on 
dam gave Estimates of heritability of 0.33, 0.22 and 0.33 for milk; 
and 0.35, 0.22 and 0.16 for milk fat for the first, second and third 
lactations, respectively. Only sires having at least two daughters 
with four records each were used in estimating repeatability. There 
were 1,760 records from 440 cows sired by 87 sires meeting these 
requirements. The estimates were 0.47 for repeatability of milk pro­
duction and 0.45 for repeatability of milk fat production. These 
estimates were computed as an intra-class correlation and are ex­
pressed on a single record basis. 
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Mitchell et _al. (1961) stratified Holstein daughter-dam pairs 
into three groups on the basis of herd averages for milk production. 
Stratification of herds was based on the 59,511 original 305-day, 2X, 
M,E. average milk yields. The three groups: low, less than 11,960 
pounds of milk; medium, from 11,960 to 13,230 pounds of milk; and 
high, more than 13,230 pounds of milk. The number of daughter-dam 
pairs in each group were 3,831, 3,991 and 3,548, respectively. Heri-
tabilities were estimated by doubling the intra-sire, intra-herd 
regression of offspring on dam. On a single record basis, the esti­
mates for milk and milk fat were: 0.20 and 0.19 for the low group; 
0,24 and 0.21 for the medium level group; and 0.19 and 0.17 for the 
high groups. The genetic and phenotypic correlations between milk 
and milk fat production computed on an intra-sire, intra-herd basis 
were: 0.76 and 0.62 for the low group; 0.80 and 0.62 for the medium 
group; and 0.72 and 0.26 for the high group. 
Legates (1962) examined the lactation milk fat yields of 10,748 
daughter and dam pairs of cows of the Guernsey, Holstein and Jersey 
breeds. He found no significant relationship between the level of 
herd yield and the heritability of milk fat yield when each breed was 
divided into five groups on production levels. Heritabilities were 
estimated by doubling the intra-herd, intra-sire regression of daugh­
ters on dams. The estimates obtained by pooling the results of the 
production level groups for each breed were: Guernsey, 0.21 + 0.06; 
Holstein, 0.22 + 0.04; and Jersey, 0.24 + 0.05. These results do not 
indicate a need for using different heritability values to predict 
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progress from selection, or to develop selection procedures for herds 
with different production levels. 
Barr and Van Vleck (1963) estimated the heritability of devia­
tions from herdmate averages using lactation records of A.I. sired 
Holstein cows. Only cows with two or more lactations were included. 
The data were divided into four groups of two, three, four and five 
or more lactations per cow. Each cow appeared in only one group but 
the sires overlapped from group to group. Estimates for heritability 
were four times the paternal .half-sib correlations. Table 1 shows 
some of the results of their study. 
Table 1. Estimates of heritability of deviations from herdmate aver­
ages according to Barr and Van Vleck (1963) 
Number of lactations per cow 
Lactation Two Three Four Five or more 
1st .21 .26 .21 .17 
2nd .22 .27 .24 .22 
3rd .21 .29 .18 
4th .19 ,21 
5th .17 
Pooled .19 .22 .21 .16 
Sire component 
of variance 
(10 lb.)2 2,361 2,532 2,448 1,764 
No. sires 142 138 130 152 
No. cows 5,118 3,727 2,648 4,885 
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Touchberry (1963) used 20,024 H.I.R. Holstein daughter-dam pairs 
from 1,703 herds to study the heritability of milk and milk fat yield 
at different levels of milk yield. The 305-day, 2X, M.E. records of 
the daughter-dam pairs were placed into 20 classes, each with a range 
of 400 pounds of milk. The number of pairs ranged from 125 to 2,459 
per group. The mean intra-herd estimates of heritability for milk, 
milk fat and per cent milk fat were 0.251, 0.251 and 0,571, respec­
tively. The estimates of heritability of milk showed no change as 
the level of production increased. However, both the phenotypic and 
genetic variances of milk increased markedly as production level 
increased. The estimates of the heritability of milk fat decreased 
as the level of production increased. Both the phenotypic and genetic 
variances of milk fat increased as the level of production increased. 
Van Vleck (1963) divided the first and second lactation records 
of Holstein A.I. sired daughters into four groups according to their 
adjusted herdmate averages. The levels were: the high level at more 
than 1,000 pounds of milk above season average; the second level 
between 0 and 1,000 pounds above season average; the third level 
between 0 and 1,000 pounds below season average; and the low level, 
more than 1,000 pounds below season average. Components of variance 
for sires and within sires were then estimated for each herd level 
and each lactation from deviations of daughter records from their 
adjusted herdmate averages. 
Heritability estimates were obtained by multiplying the sire 
components by four and dividing by the total variance. The estimates 
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for the high through low groups were; for milk in lactation one, 
0,28, 0.28, 0.25 and 0.19; for milk fat in lactation one, 0.25, 0.25, 
0.25 and 0.20; for milk in lactation two, 0.29, 0.26, 0.21 and 0.19; 
and for milk fat in lactation two, 0.28, 0.25, 0.21 and 0.21, respec­
tively. The estimates of variance components seem to support the view 
that there is more genetic variability relative to total variance in 
higher level producing herds. Estimates of actual genetic and total 
variance consistently decreased with lower herd levels for both first 
and second lactation records of milk and milk fat production. For 
first lactation milk records, the variance in this study in the high 
level herds was 33 per cent higher than in the low level herds and for 
second lactation milk records the value was 47 per cent. 
Molinuevo and Lush (1964) used 312 daughter-dam pairs from the 
Iowa State University (I.S.U.) herd and 472 pairs from Iowa D.H.I.A. 
data to estimate the heritabilities of first, second and third lacta­
tions. Because of the differences in the two sets of data, separate 
analysis were necessary. The I.S.U. data were for the first eight 
months of lactation. The records extended over 32 years and the an­
alysis was made within sires to eliminate time trends which might have 
existed in the data. The D.H.I.A. data covered 20 years and was 
analyzed on an intra-herd basis. Most of the daughters were sired 
artificially and were reported by individual supervisors in an early 
program to help Iowa bull studs evaluate their sires. The heritability 
estimates for the first, second and third lactations for milk for the 
I.S.U. data were 0.15, 0.04, and -0.02; and for milk fat 0.07, -0.03 
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and 0.03, respectively. The corresponding estimates for the D.H.I.A. 
data were 0.30, 0.09 and 0.08 for milk and 0.29, 0.09 and 0.05 for 
milk fat, respectively. Standard deviations of the estimates for 
milk and milk fat for lactations one and two were between 0.10 and 
0.14. For the third lactations they ranged from 0.18 to 0.23. These 
results suggest the heritability of the first record is at least as 
high as that for any later record and supports the findings reported 
under both European and United States conditions. 
Van Vleck and Bradford (1964) used 5,740 Holstein daughter-dam 
pairs to study heritability of milk yield at different levels of 
environment. The 305-day, 2x, M.E. records of the daughters were 
primarily first lactations, but a few were second lactations. Pairs 
were assigned to herd levels in two ways. In one grouping they were 
assigned to one of ten levels, based on the deviation of the dam's 
herdmate average from breed-season average. The other division was 
based on the daughter's herdmate deviation from breed-season average. 
The daughter-dam regressions for the 10 herd levels showed no apparent 
pattern to the regression coefficients with either the dam or daughter 
herd level. This indicated that the fraction of variance which is 
genetic is the same at all environmental levels. The heritability 
estimates, primarily from first lactations, obtained from doubling the 
daughter-dam regressions were higher than those estimated in previous 
work on New York data. The overall estimate was 0.43 + 0.03. As a 
result of the higher estimates, they did further analysis of the data 
to determine what affect using deviation records may have on the 
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estimates. The daughter-dam regression of M.E. records calculated 
within 1,638 herds was 0.211 + 0.018. The daughter-dam regression of 
deviations within herds was 0.195 + 0.018. The estimates were very 
close, indicating deviations did not materially effect the estimates 
in this case. The data were then arranged into four nearly equal 
groups of decreasing herd levels and heritability was estimated both 
by daughter-dam regression and by the paternal half-sib correlation 
method. The half-sib estimates were 0.25 + 0,12, 0.35 + 0.13, 0.31 + 
0,12 and 0.23 + 0.13 for the high level through low level of daughter's 
herdmates. Corresponding estimates from the regression analysis were 
0.44 + 0,089, 0.43 + 0.090, 0.50 + 0.086 and 0.46 + 0.089, respective­
ly. There are large differences between the estimates by the two 
methods. This has led to further studies as to the possible cause for 
such differences. 
Van Vleck and Bradford (1965) studied 60,000 first-lactation 
daughter-dam pairs from five breeds to compare estimates of heritabil­
ity obtained from the daughter-dam regression and from the paternal 
half-sib correlation method. Daughter-dam regressions were computed 
for records expressed as deviations from herdmate averages for each 
breed. For cows sired artificially, the daughter-dam regressions and 
the paternal half-sib correlations were computed. The estimate of 
heritability from the regression of 47,409 daughter-dam pairs of 
Holsteins, both A.I, and non-A,I, sired, was 0.42 + 0.10. There were 
20,850 pairs where the daughter was sired artificially by one of the 
307 sires represented. The estimate of heritability was 0.43 +0.016. 
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However, the paternal half-sib correlation analysis estimate was 0.24 + 
0.023. It was concluded that there was a marked difference in herit-
ability estimates for first-lactation deviations from herdmate averages 
between daughter-dam regression and paternal half-sib correlation. 
Maternal effects were mentioned as a possible cause for the differences. 
Van Vleck (1964) used lactation records of A.I. sired cows having 
up to five or more lactations in an empirical study to determine if a 
high first record means a short herd life. The records were from the 
New York Dairy Record Processing Laboratory. Records of sires with 20 
or more daughters were divided into four levels of deviations from 
herdmate averages of their first lactation 305-day, 2x, M.E. record. 
The dividing points were +1500, 0, -1500 pounds of milk. The results 
imply that high producers in the first lactation complete more sub­
sequent lactations and continue at a higher level of production than 
low producers in the first lactation. This longer productive life 
demonstrates that the high producing two-year olds do not "bum-
themselves-out". Sire groups with high first-lactation performance 
maintained a higher performance through later lactations than those 
with lower first-lactation performance. The survival rate of the high 
first lactation group was also greater. Although age at maturity may 
be a factor for some sires, the general pattern is not important in 
evaluating sires on the basis of first lactation records, according to 
these results. 
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Millers and Freeman (1965) studies differences in the rate of 
maturity between sires by computing the within-sire regression of 
actual production on age at calving in first lactation. Data were 
from 76 herds in California and included 28 sires with 44 or more first 
lactation daughter records. The regressions of actual production on 
age differed significantly among sires and ranged from -9 to +258 
pounds of milk per month of age. Corresponding figures for milk fat 
were -4 to +11 pounds, respectively. The standard errors of these 
regressions ranged from 19 to 92 pounds for the regressions involving 
milk and 0.7 to 3.4 pounds for those involving milk fat. A further 
analysis done within herds showed large differences between herds in 
rate of maturity of their cows as measured by this method. The authors 
concluded that there are differences between sires in the rate of 
maturity of their daughters, but that waiting for mature records to 
rank sires was completely impractical because of the resulting in­
creased generation interval. 
White and Nichols (1965) investigated the relationship between 
first lactations, later performance, and length of herd life in Hol-
steins using 16,583 M.E, D.H.I.A. records of 4,819 daughters of 29 
A.I. sires from 1,528 herds. First records were stratified into 11 
milk groups based on 1,000 pound intervals, and 9 milk fat groups 
based on 50 pound intervals. Heifers in the higher groups produced 
significantly (P < .01) more milk and milk fat in later life than 
heifers in the lower first record groups. They also remained in the 
herd longer than the lower producers. Paternal half-sib heritability 
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estimates for lactations completed and age at last calving were 0.13 
and 0.14, respectively. Neither value was statistically significant. 
These results support the findings of Van Vleck (1964) and others that 
high producing first lactation daughters remain in the herd longer and 
continue to produce at a higher level than the lower producers as 
measured by first lactation production. 
Barker and Robertson (1966) selected progeny test records from 
Friesian bulls available at the Milk Marketing Board of England and 
Wales in 1961 to study the genetic and phenotypic parameters for the 
first three lactations in cows. Daughters were from A.I. sires with 
at least 45 daughters with first lactation records. All daughters had 
ample time to complete three lactations. The 305-day lactation records 
were used but all normal records of less than 305 days in length were 
included. There were 65 British Friesian bulls with an average of 
100 progeny each, 13 Dutch F.R.S. averaging 214 heifers each, 5 Dutch 
N.R.S. averaging 217 heifers each and 6 Canadian bulls averaging 96 
heifers each. In total, 10,967 animals were included, of which 2,430 
had one lactation only, 2,318 had two and 6,219 had three. The anal­
yses were done in two sections, for those animals by home-bred sires 
and for those by sires imported from Holland and Canada. Within each 
section, three parallel sets of calculations were made. Analysis A 
was based on all first lactations. Analysis B was based on the first 
and second lactations on those cows with at least two completed lacta­
tions. Analysis C was based on the first, second and third lactations 
of those cows with three completed lactations. The results of the 
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hierarchical analysis on milk yield with cows nested within years, 
herds and sires is shown in Table 2. 
Heritability estimates from Barker and Robertson (1966) for milk 
yield for first lactation for cows with one, two, or three lactations 
were 0.34, 0.37, and 0.35 for the British sires and 0.26, 0.22 and 
0.21 for the imported sires, respectively. The corresponding figures 
for second lactations for cows with two or more lactations were 0.23 
and 0.24 for British sires and 0.15 and 0.11 for the imported sires. 
The third lactation estimates were 0.23 and 0.20. Heritability of 
yield was lower in second and third lactations than in the first. This 
appears to be due to a decrease of about 50 per cent in the within-sire 
component for first lactations, whereas that between sires remained fairly 
constant. The correlation between yield in the first two lactations in 
the sample of British bulls was 0.41 in analysis B and 0.41 in analysis C. 
These are in general agreement with the results of other workers. The 
genetic correlation of first yield with later ones averaged 0.80 (signif­
icantly different from unity), but that between second and third yields 
averaged 0.9. The authors point out that, as would be expected from the 
genetic correlations between yield in first and later lactations, the 
increase of yield with age had a heritability significantly different 
from zero. First lactation yield was negatively correlated (0-.27) with 
increase from first to second but positively (0.03) with increase from 
second to third. 
Butcher e^ (1967) examined 3,841 lactation records from Holstein 
cows in the North Carolina Institutional Breeding Association to study 
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Table 2. Variance components (gal^) for milk yield from Barker and 
Robertson (1966) 
Within sires/ 
Sires Herds Years herds/years 
British sires 
Anal. A Lact. 1 3,064 14,007 3,342 33,094 
Anal. B Lact. 1 2,553 14,535 3,791 24,959 
Lact, 2 3,211 14,328 1,052 52,175 
Anal. C Lact. 1 2,264 14,241 3,895 23,571 
Lact. 2 2,751 14,126 3,654 42,376 
Lact. 3 2,776 20,756 3,380 44,766 
Imported sires 
Anal. A Lact. 1 2,728 11,675 4,992 39,239 
Anal. B Lact. 1 1,752 7,404 7,993 30,203 
Lact. 2 2,120 11,936 3,851 54,407 
Anal. C Lact. 1 1,434 11,005 6,164 25,682 
Lact. 2 1,366 10,036 4,771 47,450 
Lact. 3 2,995 16,275 -900 58,325 
îgrees of freedom 
British Anal. A 60 4,384 758 1,317 
Anal. B 60 3,579 667 816 
Anal. C 60 2,755 457 485 
Imported Anal. A 21 3,067 422 930 
Anal. B 21 2,470 353 563 
Anal. C 21 1,885 221 325 
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genetic parameters for milk constituents and yields. Heritability esti­
mates from the within herd-year daughter on dam regressions were 0.28 + 
0.07 for milk and 0.17 + 0.07 for milk fat. Repeatability estimates 
were 0.53 + 0.02 for milk yield and 0.48 + 0.02 for milk fat yield. The 
genetic correlation between milk yield and milk fat yield was estimated 
as 0.66 + 0.12 and the corresponding phenotypic correlation was 0.87. 
Andrus (1968) used 252,470 records of cows of six dairy breeds in 
Iowa to study age distribution and life expectancy. Many of the cows 
in his research were included in the data used in this thesis. Age 
distributions were consolidated into yearly tables and life expectancy 
calculated in years. The average useful herd life of all cows in the 
study was 3.12 years. Cows kept for another lactation were superior to 
those culled in the production of milk and milk fat, as compared to 
herdmates, in all cases up through the sixth lactation. Andrus concluded 
that little gain is to be made by selecting for longevity as such. Se­
lection for high first lactation production will not shorten herd life, 
but may actually lengthen it. Dairymen cull cows that fail to produce 
when they have an opportunity to do so. These results are in agreement 
with those of Parker jet al^. (1960) and Gaalaas and Plowman (1963). High 
levels of production in first lactation apparently does not shorten 
herd life. 
Butcher and Freeman (1968) studied Holstein data from two sources 
to estimate heritabilities and repeatabilities of milk and milk fat 
production by lactations. The first source was A.B.S. data from 76 herds 
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in California comprising 67,729 lactation records. The second source 
was 60,788 Iowa D.H.I.A. lactation records. Estimates of repeatability 
by intraclass correlations were obtained by using the first through fifth 
lactations. The values were 0.54 and 0.50 for deviation milk and 0.45 
and 0.47 for deviation milk fat for the A.B.S. and D.H.I.A. data, respec­
tively. Heritability estimates were obtained by the intra-sire regres­
sions of daughter on dam. Estimates for deviation milk for the first, 
second, and third lactations were 0.37 + 0.05, 0.36 + 0.07, and 0.39 + 
0.11 for the A.B.S. data and 0.31 + 0.07, 0.23 + 0.15, and 0.30 + 0.26 
for the D.n.I.A. data. Corresponding estimates for deviation milk fat 
yield were 0.34 + 0.05, 0.24, + 0.07, and 0.24 + 0.11 for A.B.S. data 
and 0.32 + 0.07, 0.22 + 0.15 and 0.37 + 0.28 for the D.H.I.A. data. The 
estimates were not significantly different from one lactation to the next. 
The esuimates of heritability of second lactations for milk and milk fat 
are lower than the estimates for first lactations in both data sets. 
Deb £t al. (1974) used Pennsylvania D.H.I.A. lactation records of 
Jersey cows to estimate heritability of first, second and third lactations. 
The estimates were from paternal half-sib correlations for sires with at 
least five daughters. There were 7,657 first lactations, 7,105 second 
lactations and 4,799 third lactations included in the study. Heritabil-
ities of deviation milk from herdmates were 0.40, 0.27, and 0.23 for the 
first, second and third lactations. Corresponding estimates for milk fat 
deviations were 0.31, 0.19 and 0.17, respectively. The error variance and 
the sire component of vairance declined from first to third lactation for 
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both milk and milk fat yield. The authors suggest that selection is the 
most plausible explanation for the decreased heritability estimates from 
first to third lactation. 
Hargrove (1974) evaluated the M.E. lactation yields of 18,869 
Pennsylvania Holstein cows for changes with age. The objective of the 
study was to determine if differences among progeny groups in rate of 
maturity are important over extended periods of their productive life. 
Five definitions of maturity were examined. They represent the change 
in herdmate deviation yield from first lactation to lactations initiated 
1, 2, 3, 4 and 5 years later. They are referred to as maturities 1 
through 5. Sires included in the study had a minimum of 50 first-lac­
tation daughters distributed in at least 10 herds in one year. Only 
daughters from the first year a sire qualified were included. The 
number of sires and daughters qualifying for maturity 1 through 5 were: 
(1) 172 and 18,869; (2) 157 and 13,894; (3) 119 and 8,911; (4) 57 and 
3,793; and (5) 17 and 1,088, respectively. The paternal half-sib 
estimates of heritability of maturity rates 1 through 5 for milk and 
milk fat yield were: (1) 0.089 and 0.100; (2) 0.108 and 0.115; (3) 0.097 
and 0.099; (4) 0.085 and 0.114; and (5) 0.038 and 0.087. 
Heritability of rate of maturity in the first four maturities is 
approximately one-third to one-half as large as heritability of first-
lactation yield. Hargrove (1974) concludes that although these analyses 
do indicate real differences among sires in rate of maturity of their 
daughters for lactation yield, practical effects must be considered. 
Although rate of maturity is heritable, heritability is one-half or less 
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of that for first lactation production. Thus, improvement in production 
is expected to be more rapid than any shift in rate of maturity. 
Several of the genetic studies have estimated the heritability of 
milk and milk fat production and increase in production from first to 
second lactation. In general, the heritability estimates for milk and 
milk fat production in second lactation are less than those for first 
lactation. The heritability estimates for second lactation yield minus 
first lactation yield are small. The selection bias from first lactation 
culling probably accounts for most of the differences reported in the 
literature. How large these biases are is not known. 
Estimates of the genetic correlation between first and second 
lactation yield are large, but those between first and second lactation 
yield are generally smaller than those between second and later lacta­
tions. This implies different genes control the two lactations. The 
genetic correlation between first lactation yield and the increase in 
yield from first to second lactation is not well established. 
Many of the genetic studies suggest there are differences in rate 
of maturity. Differences between sire progeny groups appear to be 
small. Most researchers conclude that the small differences are not 
important enough to warrant much consideration in sire evaluation. 
There is no single measure of rate of maturity currently in use for 
dairy cattle. Increase in production from first to second lactation is 
probably the most widely accepted measure, but it is influenced by the 
effects of selection of cows culled on production in first lactation. 
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This study is concerned with the genetic relationships between 
lactation yield and the increase in production with age as a measure 
of rate of maturity. 
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III. SOURCE AND ADJUSTMENT OF DATA 
Data for this study were Holstein lactation records from the Iowa 
and Minnesota D.H.I.A, program. Holstein records were used because 
over 70 per cent of the records available were of this breed. The 
major portion of the data were from Standard D.H.I.A. and D.H.I.R. 
herds enrolled in the central processing record keeping program. The 
other source was Iowa D.H.-718 hand calculated lactation records 
reported by D.H.I.A. supervisors for herds prior to their enrollment 
in the central processing program. These cards had been sent to the 
United States Department of Agriculture (U.S.D.A.) where the records 
were keypunched from the 718's, used in sire evaluation work, and the 
punched cards returned to Iowa for research studies. These earlier 
records were included to provide more consecutive lactations. 
A. Screening Limits 
Records less than 90 days in length were excluded. Records 
terminated prior to 305 days because of sale or death of the cow were 
extended to a 305 day basis using Madden's factors (Bureau of Dairy 
Industry, 1953). Records starting with an abortion were not included. 
By D.H.I.A. rules, if a cow has carried a calf for at least 152 days 
and aborts, the current lactation is terminated and a new lactation 
begins after the date of abortion. This was used as justification for 
extending lactations terminated by an abortion to 305 days and for 
excluding the following lactation as abnormal. Records from cows 
going dry before 305 days were not extended. 
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A check was made for reasonable freshening dates on consecutive 
lactations by the same cow. First lactations started between 15 and 
35 months of age and had zero number of days dry following the previous 
lactation. Successive lactations were required to start within 20 
months of the previous freshening date to be designated as a consecu­
tive lactation. If more than a 20-month interval occurred between lac­
tations the later lactations were not given a lactation number, but 
were included in the master file for use in computing the regressed-
adjusted-herdmate averages (RAHA). Records beginning with a freshen­
ing date after August 31, 1963, were excluded from the study because 
less than 305 days expired before the cutoff date for inclusion in 
this study. Only daughters of A.I. sires of studs routinely breeding 
cows in Iowa and Minnesota were included in the major portion of the 
study. Forty-six per cent of the records lacked a recorded sire 
number. 
The original data file consisted of 243,563 records from 4,395 
herds and included records with freshening dates from 1956 to 1963. 
B. Adjustments to Data 
Actual production was converted to 305-day,2X,M.E. records using 
factors by Kendrick (1955). Year-season averages were calculated for 
use in computing the regressed-adjusted-herdmate averages (RAHA). 
Bereskin (1963) used 39,000 of the lactation records in an earlier 
study to determine the most desirable year-season plan for Iowa 
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conditions. The fixed year-seasons of May through September, season 
one, and October through the next April, season two, were found to be 
most appropriate for use with Iowa data. These were the year-seasons 
used in this study. 
The RAHA were calculated as proposed by Bereskin as: 
RAHA = YS + 0.9n - YS) 
n + a 
where YS is the appropriate year-season average, 
HYS is the appropriate herd-year-season average excluding the 
cow and her paternal half-sisters, 
n is the number of records included in the HYS, and 
a was estimated as two by Bereskin (1963). 
The fraction of —-— is the regression of the herd-year-season 
n + a 
average on the true breed-season average and is used to adjust for 
different numbers in the estimation of the herd-year-season average. 
Bereskin (1963) estimate the value of a = = 2. The 0.9 is 
assumed to be the regression of a cow's record on her adjusted herd-
mate average. 
The number of herdmates, the regressed-adjusted-herdmate average 
and the deviation of the M.E. records from the regressed-adjusted-
herdmate average for milk and for milk fat were computed and included 
on the master tape files. 
An identification code (ID. Code) was assigned to each cow 
depending on the amount of identification information present. ID. 
Code 1 is a registered cow with both sire and dam numbers present. 
ID. Code 2 is a grade cow with a sire number and a dam number recorded. 
ID. Code 3 is a grade cow with a sire number but no dam number record­
ed. ID. Code 4 is a grade cow with no sire number recorded but with a 
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dam number present and ID. Code 5 is a grade cow with neither a sire 
number or a dam number recorded. 
Future lactation records from the D.H.I.A. testing program will 
have more complete identification information. When central process­
ing was first introduced in Iowa in 1958, many supervisors failed to 
report the complete identification information for all grade cows 
because dairymen were unable to determine whether the sire and dam 
numbers had been reported by observing the report. The monthly herd 
report listed only the registration number for registered cows and the 
eartag number for grade cows because of space limitations. Starting 
in 1960, dairymen were provided annual lactation listings which did 
include all identification information reported to the processing 
center. As a result of the first listings many supervisors reported 
more complete information on new cows entering the system and in 
many cases dairymen provided additional identification information to 
the supervisors on cows already on machine processing. This informa­
tion was used to correct and update the identification files and 
research files accordingly. 
Using records deviated from regressed-adjusted-herdmate averages 
should have adequately adjusted for herd and year-season differences in 
these data. Freshening dates were from 1956 through 1963. Cows in­
cluded in the study were conceived prior to the use of frozen semen. 
Thus, genetic differences between herdmates would be small. In add­
ition, there was little genetic progress made in the population during 
this time period because adequate young sire sampling and progeny test­
ing programs were not fully operational» For these reasons, there 
seems to be little reason for adjusting for genetic time trends or 
genetic differences between herdmates. 
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Co Data Sets Used 
One of the difficulties encountered with large data sets such as 
these D.H.I.A. data is determining the criteria for including or 
rejecting records in the study. The goal should be to choose a random 
sample from the population to which the results will be applied. If 
the sample represents the population unbiasedly, inferences may be 
drawn from the sample values about the population values. Estimates 
of the population parameters are subject to error. One type of error 
is because samples are too small to allow accurate estimation. Even 
though the expectation of such samples is the population parameter, 
increasing the sample size yields an estimate with a smaller expected 
error. Biased estimates result from atypical samples. 
For these reasons, subsets of the data were selected from the 
master file and used in the analyses. These data sets and the number 
of sires represented are repeated for clarity throughout the thesis. 
Table 3 gives a summary of the requirements for lactation records to be 
included in the various data sets. The data sets used are as follows: 
1. Data set 1 - master file. The master file contains 243, 563 
lactation records. 
Descriptive statistics were calculated from the master 
file and a comparison of A.I. versus N.S. sired cows was made. 
2. Data set 2 - lactation number file. This file contains 
108,837 records that could be classified by lactation number. 
No restrictions were placed on sire identification. Descrip­
tive statistics by lactation number through the seventh 
Table 3, Descriptive statistics of data sets 
Data 
set 
number 
Sire 
identification 
required 
Number 
of 
sires 
Average 
number 
of 
daughters 
per sire 
Number 
of 
cows 
Number 
of 
lactations 
required 
per cow 
Terminal 
lactations 
included 
1 no - - 243,563 1 yes 
2 no - - 108,837 1 yes 
3^ yes - - 8,054 2 no 
4 yes 1,034 11.6 11,995 2 no 
5 yes 521 8.5 4,419 3 no 
6 yes 50 87.6 4,381 2 no 
7 yes 92 85.3 7,853 2 no 
7A yes 92 126.7 11,608 1 yes 
8^ yes 324 1.9 606 2 no 
a 
b 
Includes 8,054 cows with 
Includes 606 daughter-dam 
2 lactations 
pairs. 
and 5,316 cows with 3 lactations• 
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lactation were calculated. In addition, statistics were 
computed based on the amount of identification information 
present for each cow. These are referred to as ID. Codes one 
through five. Terminal lactation records are included. Term­
inal records were defined as lactations less than 305 days in 
length with a Condition Affecting Record code to indicate the 
cow left the herd while in milk. Such records were extended. 
Data set 3 - repeatability file. This is a subset of set 2. 
It includes 8,054 cows with two records and 5,316 cows with 
three or more records. Sire identification was required. 
Terminal records were not included. The data were used in the 
repeatability analysis. 
Data set 4 - 1,034 sire file. This file includes records from 
sires with three or more daughters each with two or more 
lactations. There are 11,995 cows represented. Terminal 
records were not included. This data set was used to estimate 
heritability, phenotypic and genetic correlations. 
Data set 5 - 521 sire file. This is a subset from set 4 with 
additional restrictions. Sires with daughters having three 
or more consecutive lactations, where the third lactation 
was not coded as a terminal record, are included. These 
restrictions reduced the number of sires to 521 and the number 
of lactations to 13,257. This data set was used to obtain 
estimates of heritability, phenotypic and genetic correlations. 
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Data set 6-50 sire file. This is a further subset of set 4. 
It consists of 50 sires each with 40 or more daughters each 
with two or more consecutive lactations. There were 4,381 cows 
meeting the requirements. The number of daughters per sire 
should approach practical A.I. conditions for young sire sampl­
ing programs. These data were also used to study heritabilities 
and the phenotypic and genetic correlations between traits. Be­
cause of the large number of daughters per sire, the estimates 
obtained should be the most accurate of any of the data sets. 
In addition, data set 6 was used in the regression analysis I. 
Data set 7-92 sire file. This includes 92 sires with 30 or 
more daughters each with two or more lactations. There were 
7,853 cows meeting the requirements. 
Data set 7A - 92 sire file expanded. This includes data set 7, 
plus all single first lactation records for daughters of the 
92 sires. That is, the first lactation of a cow not allowed 
to make a second lactation. These data were used to examine 
the reduction in variances that occur because of selection 
based on first lactation level. The set was also used in 
regression analysis I. 
Data set 8 - daughter dam pairs. This file contains 606 pairs 
where both daughter and dam had at least two lactations and 
the second lactation was not coded as a terminal record. The 
daughters were sired by 324 different sires and were located 
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in 299 different herds. This file was used in computing 
estimates of heritability. 
D. Definition of Traits 
The code names for traits studied in the dissertation are given below. 
All deviation traits are deviated from regressed-adjusted-herdmate averages 
(RAHA). 
Code name Definition 
A 1 age at calving for first lactation in months. 
A 2 age at calving for second lactation in months. 
A2-1 age at second calving minus age at first calving 
in months. 
AF 1 actual pounds of milk fat in lactation one. 
AM 1 actual pounds of milk in lactation one. 
DF 1 deviation from RAHA pounds of milk fat in lactation 
one. 
DM 1 deviation from RAHA pounds of milk in lactation one. 
DF 2 deviation from RAHA pounds of milk fat in lactation 
two. 
DM 2 deviation from RAHA pounds of milk in lactation two. 
DF2-1 the difference between DF 2 minus DF 1, 
DM2-1 the difference between DM 2 minus DM 1. 
DF 3 deviation from RAHA pounds of milk fat in lactation 
three. 
DM 3 deviation from RAHA pounds of milk in lactation three. 
DF3-1 the difference between DF 3 minus DF 1. 
DM3-1 
DF3-2 
DM3-2 
MF 1 
MF 2 
MM 1 
MM 2 
53 
the difference between DM 3 minus DM 1 
the difference between DF 3 minus DF 2. 
the difference between DM 3 minus DM 2. 
mature equivalent pounds of milk fat in lactation 1. 
mature equivalent pounds of milk fat in lactation 2. 
mature equivalent pounds of milk in lactation 1. 
mature equivalent pounds of milk in lactation 2. 
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IV, METHODS, RESULTS AND DISCUSSION 
Differences in rate of maturity are not easily measured in dairy 
cattle. No single criterion for evaluating these differences seems 
suitable because of the large environmental influences on growth and 
production levels of the individual lactationso 
A. Traits Included in the Study 
Maturity studies in beef cattle and swine have used measurements 
at given ages compared to final mature size» Fitzhugh and Taylor 
(1971) point out this method requires an accurate measure of the mature 
trait. The highest lactation of actual milk yield could serve as 
such a measure of mature production in the dairy cow. The data would 
be highly selected. Less than 30 per cent of dairy cows reach maturity 
of about seven years in Holsteins. 
Several measures of rate of maturity were evaluated. These in­
cluded age at calving in months for first and second lactations, in­
crease in milk and milk fat production from first to second lactation 
and from second to third lactation, and the regression of production on 
age at first calving. 
Age at freshening was included as a measure of maturity because 
dairymen generally delay breeding heifers until they reach a minimum 
size or weight. Hence, breeding age is partly determined by size or 
weight. The difference between the first two freshening ages might be 
related to maturity, depending on whether breeding for second calving 
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is delayed for those cows which lack normal body development at the 
time they are bred for their second calf. 
Increase in production from first to second lactation and from 
second to third lactation is probably the most direct measure of 
maturity that can be used on these data. When production differences 
between lactations are expressed as deviations from regressed-adjusted-
herdmate average, if the increase from first to second lactation varies 
according to differences in stage of maturity at first calving, then 
this measure should reflect those differences when sire progeny groups 
are analysed. 
The regression of actual production in first lactation on age 
at first calving was included as a measure of maturity. This is one 
measure available when the first sire evaluations are made. Millers 
and Freeman (1965) found sire and herd differences in this measure 
using California data. 
B. Descriptive Statistics of Data 
1. Analysis of all lactations 
Table 4 shows the number of lactation records by year of fresh­
ening and the average 305-day,2X,M.E. production for each year. 
Before central processing was started in Iowa in 1958, not all 
lactation records for all cows were reported when they finished a lac­
tation. Many of the earlier lactations reported by D.H.I.A. supervisors, 
were from A.I. daughters and their dams which were above average. The 
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Table 4. Number of records and 
ening for all cows in 
average production by year of fresh-
the master file 
Year 
fresh 
Number 
of records 
Milk 
(lbs.) 
Test 
(%) 
Milk fat 
(lbs.) 
1956 353 13,140 3.65 479 
1957 2,756 12,672 3.61 458 
1958 12,928 12,514 3.60 450 
1959 28,457 12,433 3.60 447 
1960 37,712 12,358 3.60 445 
1961 57,617 12,414 3.60 447 
1962 74,031 12,405 3.60 447 
1963 29,709^ 12,312 3.55 437 
Total and 
average 243,563 12,402 3.60 446 
^Includes only those cows freshening through August, 1963. 
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high production levels in the first two years is a result of this 
selectivity. Table 8 supports this assumption. The decline in average 
production from 1958 to 1963 (Table 4) resulted from changing all herds 
to central processing. This insures all lactations are reported for 
every cow. Many of the better dairymen were among the first to enroll 
in central processing because of the assurance that all lactations 
would be reported. The drop in the average for 1963 is a result of 
the cutoff date for records to be included in this study. Only season 
one records for 1963 were available. The drop in nuriers for 1963 
came about because Minnesota began processing their own records in 
this period of time. 
Table 5 shows the average M.E. milk and milk fat production by 
year-season of freshening and the number of records included in each 
season for all lactations in the master file. The difference in pro­
duction between the summer and winter seasons is consistent from year 
to year. 
2. Analysis of lactations by cow and parent identification and 
lactation number 
Data set 2 contained 108,837 lactations identified by lactation 
number. Table 6 shows the average age and levels of production when 
the data were tabulated for the five ID. Codes. ID. Codes reflect 
the amount of cow identification information available. 
In Table 6 there is a gradual decline in average age at calving 
corresponding to the amount of identification information present for 
the cow. The average age at calving for the registered cows, ID. Code 1, 
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Table 5. Year-season averages for level of 305-day,2x,M.E. production 
for all cows in the master file 
Season 1 Season 2 
Milk Milk 
Year No. of Milk fat No. of Milk fat 
fresh records (lbs.) (lbs.) records (lbs.) (lbs.) 
1956 117 12,973 479 327 13,240 483 
1957 959 12,335 446 3,220 12,686 455 
1958 4,071 12,063 434 14,686 12,722 455 
1959 10,467 12,033 434 20,327 12,609 453 
1960 13,709 11,976 431 28,022 12,573 451 
1961 21,004 12,054 436 42,776 12,548 451 
1962 26,611 12,074 437 47,119 12,649 454 
1963 9,891 11,816 419 — — — 
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Table 6. Number of records, average age at freshening, average number 
of days in milk and milk and milk fat production for all 
cows with numbered lactations by ID. Code in data set 2 
M.E. Deviation 
Ave. 
ID. No. of age in Ave. days Milk Milk 
Code records months in milk Milk fat Milk fat 
1 34,364 36.6 283 13,238 484 +271 +14 
2 28,341 34.5 279 12,759 465 +128 +10 
3 4,410 34.3 278 12,407 449 + 24 + 5 
4 8,001 33.6 276 12,336 446 
00 1 + 1 
5 33,721 32.2 274 11,927 430 - 24 + 2 
Total 
and 108,837 34.4 
Ave. 
279 12,607 458 +109 + 8 
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is 2.1 months greater than for the completely identified grade cows, 
ID. Code 2„ The registered cows are 4.4 months older than the ID. Code 5 
cows who lack both sire and dam identification. Because of the way the 
data were collected it is possible more consecutive records were avail­
able for registered cows. 
Another plausible explanation for the age difference is that the 
cows not identified by sire number are actually older than indicated. 
If dairymen failed to record the birth date of the heifer and her sire 
number, then an estimated birth date would be reported when the cow 
freshened and entered the milking herd. It is popular to report 
heifers as two-year olds. In the national sire and cow evaluation 
program, USDA found a disproportionally large number of grade heifers 
reported as 24 months of age at calving as compared to the registered 
heifers where birth dates are confirmed. 
There was a downward trend in level of production for M.E. and de­
viation milk and milk fat again corresponding to the amount of identi­
fication information available. ID. Code 4 and 5 were both minus in 
the deviations from RAHA for milk, but slightly positive in that for 
milk fat. This suggests selection for milk fat has occurred. 
The average number of days in milk follows the same trend. At 
least three explanations can be given for the greater persistency (as 
measured by the number of days in milk) in the more completely 
identified cows. First, herd owners who are the better dairymen tend 
to keep more complete identification records and manage their cows to 
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obtain longer lactations. This is the most probable cause. Second, 
registered cows may receive preferential treatment within herds where 
both registered and grade cows are present. Third, herd owners with 
registered cows may be more shrewd in reporting dry dates to D.H.I.A. 
supervisors. By reporting a dry date as occurring just before test day, 
a cow could receive production credit for a few days when she was 
actually dry. This practice is probably not widespread but Is mentioned 
as a possibility. The procedures for surprise testing and un­
announced test days in the D.H.I.A. testing program reduce this prac­
tice to a minimum. 
Table 7 shows the results from data set 2 when sorted by lactation 
number. The average age at calving for first lactation was 26.9 
months. Because first lactations were limited to a maximum of 35 
months in this study the actual age at first calving is probably larg­
er in the actual D.H.I.A. population, assuming the age at calving for 
grade cows is accurate. The average number of days in milk was larg­
est for first lactations. Differences in the number of days in milk 
add to the total variance of milk production within lactations and may 
explain part of the larger variances found in second and later lacta­
tions as compared to first lactations. 
3. Analysis of artificially sired and natural service sired cows 
Over 46 per cent of the cows were not identified by sire number 
in the original data file. These non-sire identified cows were coded 
as non-A.I. or natural service (N.S.) sired cows. Almost surely many 
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Table 7. Number of records, average age at freshening, average number 
of days in milk and milk and milk fat production by lactation 
number for cows in data set 2 
M.E. Deviation 
Ave. 
Lact. No. of Age in Ave. days Milk Milk 
No. Records Months in milk Milk fat Milk fat 
1 65,177 26.9 282 12,533 456 + 85 + 8 
2 28,518 39.5 273 12,671 459 +140 + 8 
3 10,567 52.0 275 12,792 462 +162 + 6 
4 3,609 64.4 275 12,817 461 +125 + 2 
5 857 77.0 271 12,941 464 +158 + 3 
6 105 88.8 255 12,551 442 -301 -18 
7 4 99.9 269 11,588 405 -755 -33 
Total 
and 108,837 34.4 279 12,607 458 +109 + 8 
Ave. 
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are A.I. sired cows. Those cows with sire numbers were compared with a 
file of A.I. sire registration numbers as previously described. 
The analysis was not done comparing A.I. and N.S. sired cows 
within herds and thus the differences are difficult to interpret. 
Table 8 gives the average production of A.I, and N.S. sired cows 
for the years included in the study. The A.I. sired cows were higher 
than the N.S. sired cows for M.E. milk and milk fat production for 
every year. They were also above herdmates for deviation production 
while the N.S. sired cows were below herdmates every year. 
If all the cows in a herd were by N.S. sires, then the average 
deviation from herdmates would be expected to be zero or slightly 
positive with selection. The same would be true if all cows in the 
herd were by A.I. sires. Thus, the plus deviations for A.I. sired 
cows are probably too small while those for N.S. sired cows are 
probably not negative enough if the A.I. sired cows truly produced 
more than the N.S. sired cows. The consistent difference in M.E. 
production suggest this was the case. 
The decrease in the magnitude of the difference in deviation milk 
fat production over the years is probably due to the selectivity of 
lactation records reported prior to the time the records were converted 
to central processing. This is reflected in the increased number of 
lactation records included in the later years. 
4. Analysis of production levels by lactations 
There were 38,148 cows with 67,017 records in data set 2 
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Table 8. Production of A.I. and N.S. cows by year of freshening 
from data set 1 
M.E. Production Dev. Production 
Year No. of 
Fresh Records Milk Milk Fat Milk Milk Fat 
1957 AI 600 13,435 494 512 24 
NS 1,976 12,440 448 -75 -2 
1958 AI 3,504 13,145 477 336 16 
NS 9,424 12,279 440 -71 -2 
1959 AI 7,821 12,920 468 209 10 
NS 20,636 12,249 440 -60 -2 
1960 AI 9,929 12,887 468 194 10 
NS 27,783 12,168 437 -61 -2 
1961 AI 15,164 12,987 474 215 11 
NS 42,453 12,210 438 -21 -1 
1962 AI 19,974 12,940 473 137 9 
NS 54,057 12,207 439 -55 -2 
1963 AI 7,518 12,921 464 138 5 
NS 22,191 12,106 429 -92 -6 
Table 9. Mean deviations from RAHA for milk production for lactations one through five for cows 
identified by sire number in data set 2 (milk in pounds) 
Number of Lactations per cow 
Five or 
Lactation One %Days^ Two %Days Three %Days Four %Days more 7oDays 
1st -48 44 259 34 673 32 872 29 839 31 
2nd 13 58 361 46 667 44 750 44 
3rd 68 56 396 46 577 46 
4 th 145 53 297 46 
5 th 214 54 
ALL -48 136 367 520 558 
Cows 19,907 10,928 4,675 1,959 679 
^oDays - the per cent of cows with less than 300 days in milk. 
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Table 10. Standard deviations of milk production deviated from RAHA 
by lactation number for cows identified by sire number from 
data set 2 (milk in pounds) 
Number of Lactations per cow 
Five or 
Lactation One Two Three Four more 
1st 2,425 2,250 2,204 2,134 2,213 
2nd 2,470 2,363 2,204 2,377 
3rd 2,381 2,214 2,215 
4 th 2,413 2,219 
5 th 2,362 
All 2,425 2,366 2,330 2,271 2,285 
Cows 19,907 10,928 4,675 1,959 679 
Table 11. Mean deviations from RAHA. for milk fat production for 
lactations one through five for cows identified by sire 
number in data set 2 
Number of Lactations per cow 
Five or 
Lactation One Two Three Four more 
1st 3 16 32 40 40 
2nd 3 17 30 34 
3rd 3 17 25 
4th 3 11 
5 th 4 
All 3 10 17 27 23 
Cows 19,907 10,928 4,675 1,959 679 
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Table 12. Standard deviations of milk fat production deviated from 
RAHA by lactation number for cows identified by sire 
number from data set 2 
Number of Lactations per cow 
Five or 
Lactation One Two Three Four more 
1st 87 81 79 77 80 
2nd 91 86 83 88 
3rd 90 83 81 
4 th 90 82 
5 th 86 
All 87 86 86 84 85 
Cows 19,907 10,928 4,675 1,959 679 
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identified by sire number. Production figures by lactation number 
for cows with one through five lactations are given in Table 9, 10, 
11 and 12. 
Table 9 lists the average deviation of milk production for each 
lactation. For example, the first lactation average for cows with 
three lactations is 673 pounds of milk expressed as deviation from 
RAHA. The first lactation average is consistently higher than the 
second lactation for cows with two or more lactations. Cows with a 
larger number of lactations have a higher average first lactation, 
except for the five lactation group where the first lactations 
averaged 839 pounds of milk compared to the four lactation groups 
first lactations that average 872 pounds of milk. The cows who made 
only one lactation had an average of -48 pounds of milk as deviations 
from their herdmates. 
The terminal records are the lowest of each lactation group. 
This is characteristic of D.H.I.A. data and is largely due to cows going 
dry or leaving the herd and the records not being extended. First 
lactation heifers consistently milk longer and this partially explains 
the increase in the variances found in second and later lactations. 
Table 10 lists the standard deviations for deviation milk production 
by lactation, as given in Table 9. In all lactation groups, the first 
lactation has the smallest standard deviation. Cows with a single 
lactation have the largest standard deviation of 2,425 pounds of all the 
first lactations. In all lactation groups, the terminal lactation is 
the most variable. 
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Table 11 shows the average deviation for milk fat for each 
lactation by lactation group. The corresponding standard deviations 
are given in Table 12. The deviation milk fat production follows 
the same general trend as that for deviation milk production. The 
single lactations are +3 pounds for milk fat whereas they are -48 
pounds for milk. 
Cows with more consecutive records have higher production in 
later lactations as compared to their herdmates. Terminal records 
are again the most variable as measured by their standard deviations. 
C. Estimation of Repeatability 
Repeatability is defined as the correlation between repeated 
records on the same individual and indicates the extent to which 
observed differences in performance between animals will be repeated 
in future years. Estimates of repeatability are used in evaluating 
the real producing ability (RPA) of individual cows. The magnitude 
of repeatability is also useful in determining how many measurements 
are necessary to estimate a cow's potential production to achieve a 
desired accuracy in estimating RPA. 
It is well known that cows vary in their production level from 
lactation to lactation. Most of the variations from one time to 
another are due to variations in the environment under which the 
record is made (Lush, 1945). 
It is standard practice to correct the cow's production for 
those environmental influences that can be measured accurately. 
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Adjustments for age of the cow at calving, number of times milked 
per day, lactation length, and herd-year-season are the most common 
adjustments made in dairy records. 
Some environmental affects are permanent and, therefore, influ­
ence performance in all lactations. An example would be a severe 
calfhood illness which was not related to the genetic makeup of the 
animal but which caused a permanent effect on the producing ability 
of that animal thoughout her productive life. Other types of 
environmental effects are temporary, and vary from one lactation to 
the next, such as changes in the quality and quantity of feed available 
in different years. Since the temporary effects are independent from 
lactation to lactation, they are assumed as likely to be positive as 
negative and should tend to average zero over several lactations. 
As pointed out by Lush (1948) and Falconer (1961), the concept of 
repeatability assumes that multiple records on a cow are indeed 
measurements of what is genetically the same character. If the 
expression of different genes is involved between lactations then the 
assumption that different lactations are expressions of the same 
character would not be correct. If, for example, differences in 
maturity and longevity are genetically controlled and influence milk 
yield differently from one lactation to the next, then milk yield is 
not the same character in successive lactations. Rendel, _et al. 
(1957) recognized this possibility and pointed out that the additive 
variance is actually less for the mean of several lactations than 
for first lactations only. 
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Several studies have shown that adjacent lactations are more 
highly correlated than non-adjacent lactations. However, when 
breeding values are estimated for cows with varying numbers of 
lactations, this effect of adjacency is assumed to be zero. Barr 
and Van Vleck (1963) examined the effect of this assumption using 
56,434 lactations from 16,378 cows with from 2 to 5 lactations each. 
In general, their results indicate that repeatability ranged from 
0.40.to 0.45 and the failure to take adjacency into account reduces 
accuracy of estimates of breeding values very little. 
1. Data and methods used to estimate repeatability 
To obtain estimates of the correlations and regressions between 
pairs of lactations, all daughters with two or more lactations 
identified by sire number were used. This was data set 3 and includes 
8,054 cows with two records and 5,316 with three records. 
Estimates of repeatability were computed by product-moment 
correlations and by the regression of the second record of the pair 
on the first record of a pair. 
2. Estimates of repeatability 
The means, standard deviations and the product-moment correlations 
with confidence limits for each of the two groups of records are 
given in Table 13 for deviation milk production and in Table 14 for 
deviation milk fat production. The records from the 8,054 cows with 
two lactations were analyzed separately from the records from the 
5,316 cows with three lactations. 
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Table 13. Mean deviations, standard deviations and product-moment 
correlations with 95% confidence limits^ for deviation 
from RAHA milk production for cows in data set 3 
Number of lactations per cow 
Lactation One Two Three 
(mean milk in pounds) 
1st 294 510 829 
2nd 323 647 
3rd 445 
(standard deviation milk in pounds) 
1st 2,365 2,193 2,158 
2nd 2,436 2,289 
3rd 2,243 
(correlations and confidence limits) 
r. 0.464 0.450 
0.440 - 0.531 0.421 - 0.479 
r-- 0.404 
0.372 - 0.433 
r„ 0.506 
^ 0.479 - 0.531 
No. of cows 15,146 8,054 5,316 
^Computed by Fisher's z transformation (Snedecor and Cochran, 
1967, p. 185). 
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Table 14. Mean deviations, standard deviations and product-moment 
correlations with 95% confidence limits for deviation 
from RAHA milk fat production for cows in data set 3 
Number of lactations per cow 
Lactation One Two Three 
(mean milk fat in pounds) 
1st 16 26 38 
2nd 16 29 
3rd 19 
(standard deviation milk fat in pounds) 
1st 85 78 78 
2nd 88 84 
3rd 84 
(correlations and confidence limits) 
r 0.446 0.431 
0.423 - 0.468 0.403 - 0.468 
r 0.376 
0.345 - 0.406 
r__ 0 .493  
0.466 - 0.519 
No. of cows 15,146 8,054 5,316 
Computed by Fisher's z transformation (Snedecor and Cochran, 
1967, p. 185). 
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The records from the two lactation group of cows are slightly 
more variable than the three lactation group as shown by the larger 
standard deviations. The second record for deviation milk production 
in the two lactation group is 2,436 pounds compared to a standard 
deviation of 2,289 pounds of deviation milk for the three lactation 
group. 
Estimates of the relation between pairs of lactations indicate 
that milk production is slightly more highly repeatable than milk fat 
production. The relationship between consecutive lactations is 
larger than between non consecutive lactations. The correlation 
between first and second lactation milk production for the three lacta­
tion group was 0.450 while that between first and third lactation was 
0.404. The correlation between second and third lactation milk production 
was 0.506 which is the largest correlation between consecutive pairs. 
These results, along with the results of Berry (1945), Wadell (1959), 
Barr and Van Vleck (1963) and Butcher and Freeman (1968) indicate that 
repeatability is not constant from one lactation to the next and that 
consecutive records are more closely related than non consecutive 
records. 
Estimates of the regressions of the second number of a pair on 
the first record of a pair are given for deviation milk and milk fat 
production in Table 15. The regressions are close to those reported 
by Barr and Van Vleck (1963) using records from the New York D.H.I.A. 
75 
Table 15. Regression coefficients and standard deviations for 
deviations from RAHA for milk and milk fat production for 
cows in data set 3 
Lactation 
2 on 1 
3 on 1 
3 on 2 
2 on 1 
3 on 1 
3 on 2 
Number of cows 
Number of lactations per cow 
Two Three 
(deviation milk production) 
0.516 + 0.011 0.478 + 0.013 
0.420 + 0.013 
0.496 + 0.012 
(deviation milk fat production) 
0.500 + 0.014 0.465 + 0.013 
0.410 + 0.014 
0.495 + 0.012 
8,054 5,316 
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program. Their estimate of the regression of second lactation on 
first lactation for cows with two records was 0.52 while that for 
cows with three records was 0c50. The corresponding estimates for 
this study as shown in Table 15 were 0.516 and 0.478. Barr and 
Van Vleck (1963) reported the regression of third lactation on first 
lactation as 0.43 while that for third lactation on second lactation 
to be 0.50 for cows with three lactations. The corresponding estimates 
in this study were 0.420 and 0.496, respectively. The regressions for 
deviation milk fat are smaller than those for milk, but follow the same 
pattern. 
D. Estimation of Heritability 
One of the most important concepts in animal breeding is that of 
heritability. The heritability of a trait is defined as the ratio of 
its hereditary variance to the total variance. It is used in both 
a broad and narrow sense (Lush, 1948). In the broad sense, it contains 
all the genetic variation: the additively genetic, the dominance and 
the epistatic variances as part of the hereditary variance. In the 
narrow sense, heritability represents the fraction of the observed 
phenotypic variance which is additively genetic or which is associated 
with differences in average breeding values. When making efficient 
breeding plans, it is important to know whether heritability is high 
or low. Lush (1948) points out that when heritability in the narrow 
sense is high, mass selection should receive the most emphasis. As 
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heritability becomes lower, more emphasis should be placed on pedigree, 
sib tests and progeny tests. 
Many excellent descriptions of the concept and use of estimates 
of heritability exist in the literature. Lush (1940, 1945, 1948), 
Kempthorne (1957) , and Falconer (1960) are a few of the more important 
sources of information. 
1. Data used to estimate heritability 
Estimates of heritability were computed with paternal half-sib 
analyses on data sets 4, 5 and 6. In addition, the 606 daughter-dam 
pairs in data set 8 where both daughter and dam had at least two lacta­
tions were used. 
2. Methods of estimation 
Heritability was estimated from a between and within sire analysis 
of variance. Herd effects were assumed removed by taking deviations 
from regressed-adjusted-herdmate averages. Further, each sire was re-
quired to have three or more daughters. In cases where a sire was used in a 
single herd-year-sea son, herd and sire effects would be confounded, if 
deviations did not make perfect corrections for herd-year-season effects. 
Sires could be used in a single herd, but not likely in a single herd-
year-season. In this study, deviations were from herd-year-season 
means. 
The following model was assumed: 
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where, 
Y^j is the record of the daughter of the i^^ sire, 
is an effect common to all daughters of the i^^ sire, and 
. is a random effect associated with the daughter of the 
. th 1 sire. 
Further 
E(S^) = E(W.j) = 0 
2 
E(S, ) = 6 2 1 s 
E(W. = 6" 
ij w 
E(W.j, Wij') = E(Wij, W!j) = 0 
i — 1, 2, ooo p 
j ~ 15 2, c.. n^ 
n«. = total number of daughters. 
Estimates were obtained from the following analysis of variance. 
Table 16. Analysis of variance of half-sib families 
Mean 
square 
Expected 
mean square 
6^ + k 0^ 
w 
W w 
Source of 
variation 
Degrees 
of freedom 
Between sires p - 1 
Within sire 
groups Z (n, - 1) 
1 
Total n .. -1 
where 
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The genetic interpretations of the variance components were 
pointed out by Hazel and Terrill (1945). Kempthorne (1957) discusses 
the details of their estimation using as a genetic model: 
Y^j = %g^ + W£j 
where 
Y^j is the offspring of sire i, 
yuv is the population average, 
%g^ is the contribution which the sire transmits by Mendelian 
inheritance to his offspring, and 
W£j is a random residual. 
Then 
E(%g^) = k 6g^ 
and 
E(w^j^) = 3/4 6g^ + 
We may then obtain estimates of 6^ and 6^ from the mean squares 
as follows: 
W = 3/4 6^ + 6^ 
g G 
s = (3/4 V + 6^) + k (% 6^) 
, g e g 
kSp = ^  (S-W) 
Returning to Table 16, heritability was estimated as four times the 
intraclass correlation; 2 
46 
s 
s W 
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Approximate standard errors were estimated using the method of 
Swiger ^  £l. (1964)• 
The heritability estimates from the paternal half-sib analysis 
are in Table 17 with the approximate standard errors. Estimates from 
the intra-sire regressions of daughter on dam analysis are in Table 18. 
The limited number of daughter-dam pairs made it infeasible to consider 
third lactation traits. The estimates were computed by doubling the 
intra-sire regressions. 
3. Estimates of heritability 
Table 17 shows large differences in the estimates depending on the 
data set used in the analysis. The restriction in data set 6 that all 
sires have 40 or more daughters each with two or more consecutive lacta­
tions resulted in lower heritability estimates for all traits compared to 
the other two data sets. 
The estimates from set 4 and set 5 approach the upper limits of 
estimates in the literature while those from set 6 are closer to the 
smaller estimates. 
The major reason for the differences between the estimates from sets 
4 and 5 compared to those from set 6 is probably because sires are con­
founded with herds and possibly years or seasons. 
In data set 4 the 1,034 sires averaged 11.6 daughters per sire. The 
additional restriction in set 5 that daughters have three or more lacta­
tions reduced the average number of daughters per sire to 8.48 for the 521 
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Table 17. Estimates of heritability of paternal half-sib analysis and the 
approximate standard errors 
Data set^ 
Trait 4 5 6 
A 1 0.629 + 0.036 0.621 + 0.057 0.146 ± 0.037 
A 2 0.637 + 0.132 0.626 + 0.057 0.177 + 0.043 
A2-1 0.234 ± 0.019 0.286 + 0.047 0.066 + 0.022 
DM 1 0.477 + 0.032 0.512 + 0.053 0.210 + 0.049 
DF 1 0.491 + 0.032 0.573 ± 0.055 0.255 + 0.056 
m 2 0.298 + 0.034 0.352 + 0.047 0.142 + 0.036 
DF 2 0.350 + 0.028 0.423 + 0.050 0.287 + 0.062 
DM2-1 0.278 + 0.026 0.350 + 0.047 0.082 + 0.025 
DF2-1 0.237 + 0.026 0.335 + 0.046 0,066 ± 0.022 
EM 3 0.332 + 0.036 
DF 3 0.461 + 0.051 
CM3-1 0.332 + 0.046 
DF3-1 0.369 + 0-048 
IM3-2 0.130 + 0.038 
DF3-2 0.147 + 0.038 
^ata set 4 - 1,034 sires with 11,995 daughters, > 3 daughters per 
sire with > 2 lactations; 
Data set 5 - 521 sires with 4,419 daughters, > 3 daughters per 
sire with > 3 lactations; 
Data set 6-50 sires with 4,381 daughters, > 40 daughters per 
sire with > 2 lactations. 
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sires represented. Of the 1,034 sires in set 4, there were 92 sires with 
30 or more daughters each and they had a total of 7,853 daughters. This 
left 942 sires with 4,142 daughters, or an average of 4.40 daughters per 
sire. In a further analysis of set 4, there was 235 sires with two or 
more daughters in a single herd-year-season. Any correlation between 
daughters of a sire caused by a common herd-year-season effect would cause 
a correlation between the deviated records. Sires would be confounded 
with herd-year-seasons. Sires used in a single herd could also be con­
founded with herds and possibly year-seasons because of the correlation 
between year-seasons in the same herd. 
Estimates from data set 6 are more reliable because of less con­
founding of genetic and environmental differences. 
Differences in the magnitude of the variances are discussed in the 
section on genetic and phenotypic variances on page 86. 
a. Age at calving The heritability estimates for age at first 
calving vary from 0.629 + 0.036 in set 4 to 0.146 + 0.037 in set 6. From 
the variance components reported by Hickman and Henderson (1955), it is 
possible to compute an estimate for their data of 0.121, which is close to 
the estimate from data set 6 in this study. Even though heifer raising 
programs vary from farm to farm and age at sexual maturity is largely 
determined by the level of nutrition on each farm, it appears there are 
small genetic differences in maturity as measured by age at first calving. 
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The estimates for age at second calving are all slightly larger than 
for age at first calving. The estimates for age 2 minus age 1 varied 
from 0.286 + 0.047 in set 5 to 0.06 + 0.02 in set 6. 
b. Production traits Estimates of heritability for DM 1 range 
from 0.512 + 0.053 in set 5 to 0.210 + 0.049 in set 6. The corresponding 
estimates for DM 2 range from 0.352 + 0.047 in set 5 to 0.142 + 0.036 in 
set 6. The single estimate for DM 3 is 0.332+ 0.036. 
In all data sets the estimates for the second lactation milk yield 
are smaller than for lactation one. This is in agreement with the find­
ings of Johansson (1955) , Rendel _et _al" (1957) , Freeman (1960) , Molinuevo 
and Lush (1964) and Butcher and Freeman (1968). 
There is little doubt that the heritability of second lactation milk 
yield is less than that in lactation one. There is a reduction in the 
genetic variance and an increase in the phenotypic variance between first 
and second lactation milk production in all three data sets. This can be 
seen in Table 19 in the next section where genetic and phenotypic vari­
ances are given. 
In all three data sets, the estimates for DF 1 are larger than those 
for DM 1. The estimates for first lactation milk fat yield are also 
larger than those for second lactation except for DF 1 in set 6 where 
DF 1 is 0.255 while for DF 2 it is 0.287. 
c. Differences between production traits Of particular interest 
in Table 17 are the heritability estimates for increase in production from 
lactation one to lactation two. The estimates for DM2-1 were 0.278+ 
0.026, 0.350 + 0.047 and 0.082 + 0.025 for sets 4, 5 and 6, respectively. 
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The corresponding estimates for DF2-1 were 0.237 + 0.026, 0.335 + 0.046 
and 0.066 + 0.022. 
Hickman and Henderson (1955) reported an estimate of 0.238 for the 
heritability of increase from first to second lactation milk production. 
They also estimated the heritability of milk production to be 0.56. These 
estimates are similar to the 0.278 for DM2-1 and the 0.477 for DM 1 found 
in set 4 of this study. Both estimates are larger for milk production 
than the 0.2 to 0.3 usually obtained. 
Hargrove (1974), using data with restrictions on number of daughters 
per sire similar to set 6 in this study, reported the heritability of DM 1 
as 0.20 and that of DM2-1 as 0.09. These are similar to the estimates of 
0.210 + 0.049 for DM 1 and 0.082 + 0.025 for DM2-1 in set 6 in this study. 
Barker and Robertson (1966) reported estimates of 0.12 + 0.03 for 
DM2-1 for British sires and 0.04 + 0.02 for imported sires. Their esti­
mates for DM3-1 were 0.09 + 0.03 for the British sires and 0.10 + 0.04 for 
the imported sires. Corresponding figures for DM3-2 were 0.02 + 0.02 and 
0.05 + 0.03 for the British and Imported sires, respectively. 
Only the cows in set 5 of this study had at least three consecutive 
lactations. The estimate of heritability for DM3-1 is 0.332 + 0.046 and 
for DM3-2 it is 0.130 + 0.038. The second lactation is the most variable 
and has the largest phenotypic variance. This would partially explain 
the lower estimates of heritability in second lactations and the larger 
estimates for DM3-1 as compared to DM3-2. 
The results of the analyses of the three data sets show that the 
estimates of heritability of these measures of maturity are different 
from zero. Heritability of the differences in rate of maturity as 
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measured by DM2-1 and DF2-1, are from one-fourth to one-third as large 
as that for milk and milk fat production. Differences in the estimates 
obtained from sets 4 and 5 as compared to set 6 result from confounding. 
Sire differences must be confounded with herds or herd-year-seasons, 
particularly where sires are represented by a few daughters in a single 
herd or a few herd-year-seasons. 
d. Heritability estimates for daughter-dam pairs Table 18 lists 
the results of the analysis for 606 daughter-dam pairs. Both daughter and 
dam were required to have at least two lactations. The estimates were 
computed as twice the regression of daughter on dam within sires. The 
estimates are for deviation milk and milk fat production in lactation one 
and two and the difference between first and second lactation production. 
There were 324 sires represented and 308 herds. The estimates are similar 
to those found in data sets 4 and 5 in the paternal half-sib analysis. 
Table 18. Estimates of heritability by regression analysis and the 
approximate standard errors using 606 daughter-dam pairs 
Trait 
a 
Heritability + standard error 
DM 1 0.461 ± 0.066 
DF 1 0.411 + 0.069 
DM 2 0.451 + 0.069 
DF 2 0.392 + 0.035 
DM2-1 0.342 + 0.070 
DF2-1 0.288 + 0.069 
^S.E, The standard errors computed as 4 times the variance of the 
regression coefficient. 
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The estimates for DM2-1 and DF2-1 are both from one fourth to one third 
as large as for milk or milk fat production in lactation one. These 
results agree with those reported by Hickman and Henderson (1955) and 
Hargrove (1974). 
4. Genetic and phenotypic variances 
Estimates of heritabilities for the same trait showed marked 
differences between the three data sets studied. Part of the differences 
in the estimates may be due to inadequate sampling and small numbers of 
daughters for a majority of the sires in sets 4 and 5. The average number 
of daughters per sire is 11.6 for set 4, 8.5 daughters per sire for set 5 
and 86.7 daughters per sire for set 6. The minimum number of daughters 
per sire was 3 for sets 4 and 5, and 40 for set 6. Of the 1,034 sires in 
set 4, 92 sires had a total of 7,853 daughters. This leaves 942 sires 
with an average of 4.4 daughters per sire. The confounding of herd and 
sire effects for those sires with few daughters gives biased estimates 
of the variances for data sets 4 and 5. 
Robertson (1959) pointed out that the optimum family size for esti­
mating heritability with a half-sib analysis is where t is the intra-
class correlation. Family sizes of the order of 2 to 3 are extremely 
inefficient. The intra-class correlation for DM2-1 was 0.052 in set 6. 
The optimum number of daughters per sire would be 20 for this trait. 
Thus, the estimates of heritability from the 50 sires with a minimum of 
40 daughters each in set 6 are the most reliable. 
To further evaluate reasons for the differences in the estimates of 
heritability found in the three data sets, the genetic, phenotypic and 
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Table 19. Genetic and phenotypic variances for the three data sets 
used in computing heritability estimates^ 
Genetic variances Phenotypic variances 
Data setb Data Set 
Trait 4 5 6 4 5 6 
A 1 6,576 6,392 1 ,484  10,447 10,300 10,136 
A 2 8,844 8,594 2 ,344  13,880 13,722 13,413 
DM 1 22,527 23,726 9 ,329  47,238 46,303 44,524 
DM 2 16,894 18,170 7,433 56,615 51,679 52,452 
DM 3 16,807 50,573 
DF 1 2,998 3,499 1,478 6,109 6,107 5,791 
DF 2 2,657 3,014 2,152 7,603 7,127 7,351 
DF 3 3,345 7,620 
DM2-1 15,516 18,958 4,329 55,721 54,146 52,749 
DM3-1 19,174 57,783 
DM3-2 6,611 50,814 
DF2-1 2,089 2,500 478 7,650 7,473 7,262 
DF3-1 3,045 8,248 
DF3-2  1,064 7,221 
^Deviation milk traits coded to nearest 10 pound units in original 
data. 
Data set 4 - 1034 sires with 11,995 daughters; 
Data set 5 - 521 sires with 4,419 daughters-
Data set 6 - 50 sires with 4,381 daughters. 
88 
environmental variances were computed. The phenotypic and genetic 
variances are given in Table 19. 
The phenotypic variances for the three sets are quite similar, but 
the genetic variances for set 4 and 5 are considerably larger than the 
estimates for set 6. This implies sires and herd or year or season 
effects are confounded. 
In set 4 the average age at first calving was 27.3 + 3.2 months; in 
set 5, 27.3 + 3.2 months and in set 6, 27.1 + 3.1 months. 
The phenotypic variances are similar for A 1 in the three data sets. 
The phenotypic variances are very similar for A 2 in all three data sets, 
and the increase in variance of A 2 over A 1 is also nearly the same for 
all three data sets. 
The genetic variance for A 1 is considerably larger for sets 4 and 5 
than for set 6. This is evidence of inadequate family size and the con­
founding of sires and herd-year-sea son effects in sets 4 and 5. Some 
dairymen postpone breeding heifers a few months so they will calve in the 
more favorable fall and winter seasons. If several sires had only a few 
daughters who reached breeding size, and breeding was delayed for a more 
favorable season of freshening, then sires and herd-year- seasons would 
be confounded. 
There is a 34 per cent increase in genetic variance between A 1 
and A 2 in data sets 4 and 5 while the increase was 58 per cent for set 6. 
The genetic variance is larger in first lactations for deviation 
milk than for second lactations in all sets. In addition to the smaller 
genetic variances in lactation 2, the phenotypic variances increase in 
lactation two in all 3 sets. 
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Data sets 4 and 5 show a decrease in the genetic variance for DF 2 
compared to DF 1, while the reverse is true for set 6. The phenotypic 
variances are all larger for DF 2 than for DF 1 with the largest increase 
in set 6. 
First lactation heifers are subjected to less environmental influences 
prior to and during their first lactations than are second lactation and 
older cows. The influences of previous days dry before calving, average 
number of days open before breeding and the increased possibility of 
udder infections for cows calving for second lactations as compared to 
those calving for first lactations are some of the reasons for the 
increased phenotypic variance. 
The reason for the reduction in genetic variance for second lactations 
for DM 2 in all three data sets and for DF 2 in sets 4 and 5 is not as 
clear. If selection had been practiced on first lactations, we would 
expect this reduction. However, in data sets 4 and 6 only cows were 
included which were required to have two or more lactations with the 
second lactation not coded as a terminal record and in data set 5 the cows 
were required to have three or more lactations with the third lactation 
not coded as a terminal record. 
A reduction in the genetic variance in second lactation compared to 
first lactation has been reported by other workers. Selection may be the 
major cause for the reduction. However, the genetic correlation between 
lactations is less than 1.0 and this suggests that yield in first and 
second lactation is partially controlled by different genes. In this 
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sense, yield in first and second lactation is not the same character. 
The reduced genetic variance in second lactation may partly result 
from selection and may be partly due to inherent and real genetic 
differences. 
5. Effects of selection on genetic and phenotypic variances 
Culling on first lactation yield affects the variances, and thus the 
heritability estimates computed from the selected data. A group of 92 
sires, each with 30 or more daughters with two or more consecutive 
lactations (data set 7), were selected from the lactation number file. 
These records were used to study the effects of selection in first lacta­
tion on the genetic and phenotypic variances for cows allowed to make two 
or more lactations. 
All first lactations were included in the first analysis. This is 
called data set 7A. Only first lactations of cows with two or more 
consecutive lactations were included in the second analysis. This is 
called data set 7. 
Data set 7A included 7,853 cows with two or more lactations and 3,755 
cows with a single first lactation. Descriptive statistics for the data 
are given in Table 28 on page 120 where the data set is used in the 
regression analysis. 
An analysis of the first and second lactations of multiple record 
cows from data set 6 where each of 50 sires had 40 or more daughters is 
also included for comparative purposes. 
A between and within sire analysis of variance was calculated for 
the traits in each of the three data sets. The between and within sire 
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components of variance and the heritability estimates and approximate 
standard errors are given in Table 20. There was an increase in the sire 
component for all first lactation production traits in set 7A compared to 
set 7. There was a decrease for all first lactation production 
traits for data set 6 where the first lactations of multiple record cows 
from sires with 40 or more daughters were evaluated» 
The components for age at first calving show A 1 to be the trait 
least affected by selection. There is a small increase in the between 
sire component in the selected group and a small decrease in the within 
sire component for the selected group. The heritability estimates for 
A 1 are essentially the same for all three data sets. 
The sire component for A 2 in set 6 was larger than the sire compo­
nent In set 7. The sire component was 4.4 per cent of the total variance 
in set 6 compared to 1.2 per cent in set 7. Heritability of A 2 was 
estimated as 0.177 + 0.043 in set 6 and 0.047 + 0.014 in set 7. 
The variance components and heritability estimates for A2-1 showed 
very little differences between data sets 6 and 7. 
The sire component for AM 1 decreased from 2,631 10-pounds squared 
of milk in set 7A to 2,332 10-pounds squared in set 7. The within sire 
component decreased from 41,504 to 38,395 10-pounds squared. This is a 
7.5 per cent decrease. This resulted in a slightly smaller estimate 
of heritability for set 7 of 0.222 + 0.038 compared to 0.236 + 0.038 for 
set 7A because of the proportionately larger decrease in the between sire 
component. Data set 6 shows a further decrease in both components with a 
larger decrease in the between sire component. The resulting heritability 
Table 20. Components of variance and heritability estimates for data sets 6 (50-sire group), 
7 (92 sire group with two or more lactation cows) and 7A (92 sire group with all 
first lactations) 
Between sires Within sires 
Component % of Component % of 
Data of Total of Total 
Trait set variance variance variance variance Heritability S.E.^ 
A 1 6 0.371 3.7 9.769 96.3 0.146 + 0.037 
7 0.374 3.8 9.589 96.2 0.150 + 0.028 
7A 0.359 3.5 9.890 96.5 0.140 + 0.025 
A 2 6 0.593 4.4 12.823 95.6 0.177 + 0.043 
7 0.148 1.2 12.568 98.8 0.047 + 0.014 
A2-1 6 0.046 1.6 2.758 98,4 0.066 -h 0.022 
7 0.049 1.8 2.734 98.2  0.071 + 0.017 
AI-I 1 6 1,738 4.4 37,655 95.6  0.177 + 0.043 
7 2,332 5.7 38,395 94.3 0.229 + 0.038 
7A 2,631 6.0 41,504 94.0 0.238 + 0.038 
MM 1 6 2,744 4.3 60,452 95.7 0.174 + 0.042 
7 3,628 5.6 61,608 94.4 0.222 + 0.038 
7A 4,179 5.9 66,585 94.1 0.236 + 0.038 
DM 1 6 2,333 5.2 42,201 94.8  0.210 + 0.049 
7 2,797 5.9 44,581 94.1 0.236 + 0.039 
7A 3,407 6.4 49,384 93.6 0.258 + 0.040 
AF 1 6 
7 
7A 
323 
415 
419 
6.2  
7.3 
7.2 
4,862 
4,953 
5,439 
93.8  
92.3 
92.8 
0.249 + 0.055 
0.309 + 0.049 
0.286 + 0.044 
MF 1 6 
7 
7A 
502 
665 
670 
6.1 
7.8 
7.2 
7,709 
7,878 
8,676 
93.9 
92.2 
92.8  
0.244 + 0.055 
0.311 + 0.049 
0.287 + 0.047 
DF 1 6 
7 
7A 
369 
429 
490 
6.4 
7.0 
7.0 
5,422 
5,703 
6,478 
93.6 
93.0 
93.0 
0.255 + 0.056 
0.280 + 0.045 
0.281 ± 0.041 
DM 2 6 
7 
1,863 
1,911 
3.6 
3.5 
50,590 
53,191 
96.4  
96.5 
0.142 + 0.036 
0.139 + 0.027 
DF 2 6 
7 
528 
467 
7.2 
6.1 
6,820 
7,188 
92.8 
93.9  
0.287 + 0.062 
0.244 + 0.040 
DM2-1 6 
7 
1,080 
1,123 
2.0  
2.1 
51,667 
52,640 
98.0 
97.9 
0.082 + 0.025 
0.084 + 0.019 
DF2-1 6 119 1.6 7,142 98.4 0.066 + 0.022 
7 176 2.4 7,235 97.6 0.095 + 0.021 
Degrees of 
freedom 
6 49 4,331 
7 91 7,761 
7A 91 11,516 
^S.E. Approximate standard errors using method of Swiger e^ £l., (1964). 
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estimate is 0.177 + 0.043, the smallest estimate of the three data 
sets. 
The same general trend exists for mature equivalent milk and for 
deviation milk production in lactation one as it does for actual milk 
production in lactation one. Selection on first lactation causes a 
decrease in both the between and within sire components of variance. 
The per cent reduction is slightly larger in the between sire components. 
This results in smaller estimates of heritability as the amount of selec­
tion increases. 
The between sire components for AF 1 and MF 1 showed less of a per­
centage reduction from set 7A to set 7 than the within sire components. 
There was approximately a 1 per cent decrease in the between sire com­
ponents and a 9 per cent decrease in the within sire component. This 
resulted in a slightly larger heritability but non-significant different, 
estimate in the selected group (set 7) for AF 1 and MF 1. Both the 
between and within sire components of variance for DF 1 were reduced 12 
per cent in set 7 compared to set 7A. The estimates of heritability for 
DF 1 were 0.280 + 0.045 for set 7 and 0.281 + 0.041 for set 7A, or almost 
the same. 
The remaining traits in Table 20 involve second lactations and 
are available only for the cows selected to have at least two lactations. 
The variance components are generally smaller in set 6 where more 
daughters per sire were required. The largest difference in heritability 
estimates was for DF 2 where the estimate from set 6 was 0.287 + 0.062 
and that from set 7 was 0.244 + 0.040. 
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Selection on first lactation generally reduces the genetic and pheno-
typic variances in those populations allowed to produce a second record. 
The between and within sire components are reduced in the same proportion 
and, thus, estimates of heritability are essentially the same for pro­
duction traits in first lactation for all first lactation cows and for 
first lactation cows selected to produce additional records. 
The effect of inadequate family sizes and the confounding of 
sire and herd or herd-year-season effects is well-illustrated using 
DM 1 in data set 4 and data set 7. The total phenotypic variance for 
set 7 is basically the same as for set 4 as seen in Table 19. However, 
the genetic variance in set 7 was reduced to 11,188. This is almost 
one half as large as that for data set 4. This is further evidence of 
sire and herd confounding in data set 4. 
The most reliable heritability estimates are those in Table 20 from 
data sets 6 and 7. They agree well with those found in the literature. 
E. Estimation of Correlations 
Genetic and environmental correlations contribute to the phenotypic 
correlations which we observe. In genetic studies, it is necessary to 
distinguish between these two causes of correlations between two charac­
ters (Falconer, 1960). The genetic correlation between two traits is the 
correlation between the gene effects influencing them. That is, between 
the sets of genes which affect two traits on the same animal. Genetic 
correlations are mostly caused by pleiotropy where genes have manifold 
effects. Linkage can be an important cause of genetic correlation in a 
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cross between divergent strains, where either the coupling or repulsion 
phase of the double heterozygote is far more abundant than the other. This 
may be present in a recent cross but rapidly approaches equilibrium after 
only a few generations (Johansson and Rendel, 1966). 
The environmental correlation between two traits is the correlation 
of environmental deviations. Depending on the method of estimation, it 
will also contain some of the non-additive genetic deviations. 
1. Data used to estimate correlations 
The three data sets previously described for the heritability 
analysis were used in computing the genetic and phenotypic correlations. 
These are data sets 4, 5 and 6. 
2. Method of estimation 
The genetic correlation between two characters is computed as the 
ratio of the genetic covariance to the product of their genie standard 
deviations. 
Gov (G.jGj ) 
^GiGj ^  OT  ^
Gi"Gj 
where G^ and Gj are the genie values of the individuals for characters i 
and j (Hazel _et _al* 1943). 
Estimates of the genetic correlations were confuted with a covariance 
component analysis similar to the analysis of variance completed for 
estimating heritability. This was done to estimate Gov(Gj^,G^). Estimates 
of 6 and 6 were obtained in the heritability analysis. 
Gi Gj 
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3. Estimates of genetic and phenotypic correlations 
The genetic and phenotypic correlations calculated from data sets 
4, 5 and 6 are given in Tables 21, 22 and 23, respectively. Phenotypic 
correlations between repeated measures of the same trait are usually 
referred to as repeatability. The phenotypic correlations are discussed 
first. 
a, Phenotypic correlations The correlations between DM 1 and 
DM 2 are similar in the three data sets. The estimates are 0.462, 0.448 
and 0.458 from sets 4, 5 and 6, respectively. The single estimate of the 
correlation between DM 1 and DM 3 in set 5 is 0.404 while that between DM 2 
and DM 3 is 0.503. These results are in agreement with other findings that 
consecutive lactations are more closely related than are non-consecutive 
lactations. 
The phenotypic correlations for deviation milk fat production are 
also similar for all three data sets and follow the same pattern as the 
estimates for milk production. The correlations between DF 1 and DF 2 
were 0.445, 0.431 and 0.451 for data sets 4, 5 and 6. The estimate 
between DF 1 and DF 3 for set 5 was 0.384 and that between DF 2 and DF 3 
was 0.498. 
The phenotypic correlations between A 1 and A 2 were 0.883 in set 4, 
0.882 in set 5 and 0.890 in set 6. These large estimates probably result 
automatically because dairymen can alter age at calving by herd management 
procedures. Heifers in poorer managed herds are bred later for first 
calving than heifers from well managed herds. First lactation heifers 
are normally bred back for second calving after some standard for number 
of days open after calving within each herd. The number of days open 
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Table 21. Phenotypic (top figure) and genetic correlations (bottom figure) 
for 1,034 sires in set 4 with 11.6 daughters per sire 
A2 DM1 DFl DM2 DF2 DM2-1 DF2-1 
A 1 
A 2 
DM 1 
DF 1 
DM 2 
DF 2 
DM2-1 
0.883 
0.965 
0.017 
0.025 
0.111 
0.082 
0.039 
0.030 
0.121 
0.064 
0 . 8 6 1  
0 .820  
-0.064 
-0 .162  
-0.004 
-0.228 
0.462 
0.578 
0.367 
0.497 
-0 .061 
-0.135 
-0.006 
-0.229 
0.350 
0.390 
0.445 
0.632 
0.792 
0.792 
-0.080 
-0.199 
-0.098 
-0.258 
-0.452 
-0.566 
-0.423 
-0.469 
0.580 
0.305 
0.567 
0.356 
-0.096 
-0.188 
-0.103 
-0.229 
-0.421 
-0.542 
-0.450 
-0.485 
0.552 
0.298 
0.599 
0.371 
0.944 
0.964 
Table 22. Phenotypic (top figures) and genetic correlations (bottom 
figures) for 521 sires in data set 5 with 8.4 daughters per 
sire 
DM2-1 
A 2 DM 1 DF 1 DM 2 DF 2 DM 3 DF 3 
A 1 0 .882  
0.951 
0.022 
0.057 
0.044 
0.026 
•0.072 
-0.076 
-0.071 
-0.094 
-0.062 
-0.060 
-0.058 
-0.082 
A 2 0.103 
0.099 
0.116 
0.054 
-0.002 
-0.075 
0.003 
-0.094 
-0.056 
-0.046 
-0.042 
-0.100 
DM 1 0.855 
0.825 
0.448 
0.552 
0,326 
0.341 
0.404 
0.535 
0.285 
0.217 
DF 1 0.349 
0.465 
0.431 
0.619 
0.308 
0.484 
0.384 
0.555 
DM 2 0.872 
0.797 
0.503 
0.812 
0.390 
0.600 
DF 2 0.412 
0.687 
0.498 
0.834 
DM 3 0.873 
0.834 
DF2-1 
DM3-1 
DF3-1 
DM3-2 
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DM2-1 DF2-1 DM3-1 DF3-1 DM3-2 DF3-2 
-0.090 
-0.137 
-0.097 
-0.184 
-0.487 
-0,578 
-0.450 
-0.457 
0.561 
0.361 
0.550 
0.399 
0.118 
0.196 
0.117 
0.040 
-0.109 
-0.133 
-0.102 
-0 .168  
-0.454 
-0.601 
-0.478 
-0.505 
0.536 
0.324 
0.582 
0.367 
0.124 
0.181 
0.139 
0.259 
0.944 
0.990 
-0.077 
-0.119 
-0.135 
-0.163 
-0.517 
-0 .612 
-0.477 
-0.464 
0.070 
0.145 
0.094 
0.264 
0.574 
0.341 
0.561 
0.448 
0.546 
0.827 
0.523 
0.839 
-0.094 
-0.142 
-0.140 
-0.163 
-0.468 
-0.571 
-0.500 
-0.490 
0.066 
0.130 
0.092 
0.212 
0.554 
0.355 
0.608 
0.497 
0.497 
0.766 
0.541 
0.812 
0.937 
0.967 
0.010 
0.030 
-0.044 
0.035 
-0.049 
-0.063 
-0.044 
0.001 
-0.506 
-0.637 
-0.468 
-0.266 
0.490 
0.159 
0.477 
0.335 
-0.450 
-0 .286 
0.417 
0.248 
0.502 
0.303 
0.486 
0.350 
0.016 
0.020 
-0.046 
-0.018 
-0.038 
-0.044 
-0.048 
-0.055 
-0.475 
-0.278 
-0.494 
-0.205 
0.456 
0.322 
0.508 
0.370 
-0.429 
-0.223 
-0.439 
-0.159 
0.470 
0.350 
0.518 
0.447 
0.943 
0.973 
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Table 23. Phenotypic (top figures) and 
figures) and standard errors 
correlations for 50 sires in 
genetic correlations (middle 
(bottom figures) of the genetic 
set 6 with 86.8 daughters per sire 
A 2 DM 1 DF 1 DM 2 DF 2 DM2-1 DF2-1 
A 2 
DM 1 
DF 1 
DM 2 
DF 2 
DM2-1 
0.890 
0.978 
0 .012  
0.025 
0.174 
0.175 
0.116 
0.313 
0.313 
0-050 
0.153 
0.173 
0 .128  
0 .281  
0 .160  
0.848 
0.615 
0.120 
-0.041 
-0.044 
0.187 
0.024 
0.126 
0.181 
0.458 
0.747 
0.089 
0.362 
0.650 
0.110 
-0.039 
0.019 
0.175 
0.029 
0.132 
0.169 
0.331 
0.330 
0.150 
0.451 
0.881 
0.047 
0.870 
0.696 
0.087 
-0.065 
-0.313 
0.192 
-0.083 
-0.294 
0.189 
-0.462 
-0.488 
0.181 
-0.419 
-0.050 
0.194 
0.577 
0.215 
0.191 
0.546 
0.429 
0.154 
-0.084 
-0.230 
0.207 
-0.085 
-0.217 
0.203 
-0.425 
-0.387 
0.199 
-0.440 
0.095 
0.204 
0.552 
0.321 
0.187 
0.604 
0.554 
0.140 
0.941 
0.990 
0.011 
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selected as a goal does not vary greatly between herds. Thus, the large 
correlations between A 1 and A 2 may be the result of the standard manage­
ment practices of breeding cows back for the second calving on the first 
heat period following a minimum number of days after first freshening. 
The phenotypic correlations between A 1 and milk and milk fat pro­
duction in first lactation were close to zero and nonsignificant. This 
suggests the age correction factors were appropriate for the data on the 
average. 
The phenotypic correlations between DM 1 and DF 1 ranged from 0.848 
in set 6 to 0.861 in set 4. The estimates for the correlations between 
DM 2 and DF 2 varied from 0.870 in set 6 to 0.882 in set 4. 
The correlations between production in first lactation and the 
increase from first to second lactation were all negative and highly 
significant. The estimates between DM 1 and DM2-1 varied from -0,452 in 
set 4 to -0.487 in set 5. The corresponding estimates for DF 1 and DF2-1 
ranged from -0.440 in sat 6 to -0.478 in set 5. These negative correla­
tions seem reasonable because the higher yield is in the first lactation, 
a smaller increase seems likely from first to second lactation, and vice 
versa. 
In data set 5 the estimate for the correlation between DM 1 and DM3-1 
was -0.468 while that between DM 1 and DM3-2 was -0.049. The corres­
ponding figure for DF 1 and DF3-1 was -0.500 while that between DF 1 and 
DF3-2 was -0.044. 
b. Genetic correlations The genetic correlations are given 
separately for each data set in Tables 21, 22 and 23. The correlations 
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between traits of specific interest are repeated in Table 24 along with 
estimates of the standard errors. 
The genetic correlations between A 1 and A 2 varied from 0.954 in 
set 4 to 0.978 in set 6. The corresponding phenotypic correlations rang­
ed from 0.88 to 0.89. 
The correlations between A 1 and DM 1 and DF 1 are all positive and 
close to zero. The corresponding phenotypic correlations are also small 
and positive. These results indicate that the genes which influence age 
at first calving have small effects on production levels in first lactation. 
The small phenotypic correlations indicate the age adjustment factors fit 
the data on the average. 
The correlations between A 1 and DM2-1 ranged from -0.137 + 0.077 in 
set 5 to -0.313 + 0.192 in set 6. The corresponding estimates between 
A 1 and DF2-1 were from -0.113 + 0.078 in set 4 to -0.230 + 0.207 in set 6. 
Heifers that calve at the younger ages exhibit a larger increase in 
production from first to second lactation on the average than those that 
calve for the first time at an older age. Genes which influence early 
sexual maturity as measured as age at first calving have a positive 
influence on production increase from first to second lactation. This 
assumption is based on the adequacy of age conversion factors, particu­
larly for the younger age cows. 
Heifers that calve at younger ages may be more sexually mature for 
their age than heifers that calve at an older age. The effects of 
pregnancy may limit continued growth and development in the younger aged 
heifers until parturition. Compensatory growth toward mature size may 
Table 24. Genetic correlations and standard errors for selected traits 
from data sets 4, 5 and 6^ 
DM 1 
DM 2 
DM2-1 
DF 1 
DF 2 
Data 
set DM 1 DM 2 DM2-1 
4 0.025 + 0.044 -0.162 + 0.079 -0.199 + 0.070 
5 0.057 + 0.069 -0.076 + 0.078 -0.137 + 0.077 
6 0.174 + 0.175 -0.044 + 0.187 -0.313 + 0.192 
4 0.578 + 0.041 -0.566 + 0.038 
5 0.552 + 0.058 -0.578 + 0.056 
6 0.747 + 0.089 -0.488 + 0.181 
4 0.305 + 0.066 
5 0.361 + 0.082 
6 0.215 + 0.191 
4 
5 
6 
4 
5 
6 
4 
5 
6 
a 
Data set 4 -
Data set 5 -
Data set 6 -
1034 sires with 11,995 daughters; 
521 sires with 4,419 daughters; 
50 sires with 4,381 daughters. 
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DF 1 DF 2 DF2-1 
0.030 + 0.061 -0.135 + 0.060 -0.188 + 0.076 
0.026 + 0.066 -0.094 + 0.073 -0.133 + 0.078 
0.153 + 0.173 0.019 + 0.175 -0.230 + 0.207 
0.820 + 0.015 0.390 + 0.044 -0.542 + 0.043 
0.825 + 0.022 0.341 + 0.069 -0.601 + 0.054 
0.615 + 0.102 0.331 + 0.150 -0.387 + 0.199 
0.497 + 0.046 0.792 + 0.025 0.298 + 0.072 
0.465 + 0.063 0.797 + 0.032 0.324 + 0.086 
0.650 + 0,110 0.696 + 0.087 0.321 + 0.187 
0.469 + 0.043 0.356 + 0.053 0.964 + 0.005 
0.467 + 0.063 0.399 + 0.075 0.990 + 0.002 
0.050 + 0.194 0.429 + 0.154 0.990 + 0.011 
0.632 + 0.031 -0.485 + 0.046 
0.619 + 0.046 -0.505 + 0.060 
0.881 + 0.047 0.095 + 0.204 
0. 371 + 0. 057 
0. 367 + 0. 078 
0. 554 + 0. 141 
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then occur between first and second lactation. The increase in production 
in the second lactation appears to be larger for these heifers than for 
heifers which calved for the first time at a relatively older age. 
The genetic correlations between DM 1 and DM 2 range from 0.552 + 
0.058 in set 5 to 0.747 + 0.089 in set 6. If the same genes influence 
both lactations, we would expect the correlation to be close to 1.0. In 
set 5, the correlation between DM 1 and DM 3 was 0.535 while that for DM 2 
and DM 3 was 0.812 (table 22). Barker and Robertson (1966) point out that 
presumably the genetic correlation between yield traits would be expected 
to be fairly close to 1.0 after the animal had reached maturity. A 
reasonable expectation would be that the correlation between the first 
lactation and all others would be more or less the same while that between 
second and later lactations would be closer to unity. They reported 
estimates of 0.75 and 0.86 between lactation one and lactation two yield 
for two populations and estimates of 0.95 and 0.87 for the correlations 
between lactation two and lactation three yield for the same two popula­
tions. 
The genetic correlations between DF 1 and DF 2 varied from 0.619 + 
0.046 in set 5 to 0.881 + 0.047 in set 6. The correlation between DF 1 
and DF 3 in set 5 was 0.555 while that between DF 2 and DF 3 was 0.834. 
The correlations between level of production for first lactation 
and the increase from first to second lactation are of particular interest 
in Table 24. A small positive or zero estimate for the genetic correla­
tion indicates selection on the basis of first lactation production 
would not change, materially, the rate of maturity as measured by 
increase in production. 
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The correlations between DM 1 and DM2-1 range from -0.488 + 0.181 
in set 6 to -.0578 + 0.056 in set 5. Estimates in the literature range 
from -0.27 reported by Barker and Robertson (1966) to 0.07 reported by 
Hickman and Henderson (1955). 
The estimates from set 5 (Table 22) where each cow had three or more 
lactations were -0,612 between DM 1 and DM3-1, -0.063 between DM 1 and 
DM3-2 and -0.637 between DM 2 and DM3-2. 
These results suggest selection on first lactation milk production 
will cause a reduction in the increase in milk production from first to 
second lactation.. Thus, selection would, change the rate of maturity, 
as measured by increase in milk production. 
The genetic correlations for milk fat production show a similar 
pattern for two of the data sets. The correlations between DF 1 and 
DF2-1 range from -0.505 + 0.060 in set 5 to 0.095 + 0.204 in set 6. The 
difference between the estimates from set 4 and 5 compared to the estimate 
from set 6 is not readily explainable. The estimates from data set 6 
should be the most reliable because of the larger number of daughters per 
sire. This should give less chance for sires and herds or years or seasons 
to be confounded. The standard error is large for the estimate of the 
genetic correlation from set 6. The differences between the estimates 
from set 6 compared to the estimates from set 4 and 5 may be due to s am -
pling error. 
The phenotypic correlations are the sum of two parts (Searle, 1961). 
To further examine the reason for the difference in the magnitude of 
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the genetic correlation between DF 1 and DF2-1 in sets 5 and 6, the 
component parts of the phenotypic correlations were calculated. The 
method outlined by Falconer (1960) follows. 
Let 
r be the phenotypic correlation between two traits, 
P X and Y 
r^ be the genetic correlation between traits X and Y. 
r be the environmental correlation between traits 
X and Y. 
Gov the covariance between traits X and Y with the sub­
scripts of P, G, or E to designate phenotypic, 
genetic, or environmental covariance respectively. 
6^ and 6 variance and standard deviation, with subscripts to 
indicate phenotypic, genetic or environmental for 
the trait specified. 
2 h the heritability, with subscripts for the trait 
specified. 
e^ 1 - h-
The phenotypic correlation is then: 
C O V Q  C O V £  
GX GY EX EY 
This may be written as: 
- "x \ 'g " \ V 'E 
The phenotypic correlation between DF 1 and DF2-1 for data set 5 is: 
rp = -0.478 = (0.757)(0.650)(-0.505) + (0.653)(0.760)(-0.463). 
The corresponding estimate for data set 6 is 
rp = -0.440 = (0.505)(0.257)(0.095) + (0.863)(0.966)(-0.542) 
The environmental correlations are quite similar. The difference 
in the magnitude of the genetic variance of set 6 compared to set 5 
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appears to be the main reason for the difference in the estimates of 
the genetic correlations. This can be seen in Table 19 and is reflected 
in the smaller estimate of heritability for DF 1 in set 6. 
The negative genetic correlations between first lactation production 
and increase from first to second lactation suggest that genes which 
cause a large first lactation level also limit the increase in production 
from first to second lactation. Assuming the age factors used are 
appropriate, the higher producing cows in lactation one are more nearly 
mature for production characters in lactation one. They have a smaller 
increase in production level from first to second lactation than cows 
less mature in lactation one. 
The genetic correlations between DM 2 and DM2-1 are positive in all 
three data sets, while comparable values for DM 1 and DM2-1 are negative. 
The smallest correlation between DM 2 and DM2-1 is 0.215 + 0.191 in set 6 
while the largest is 0.361 + 0.082 in set 5. The positive correlations 
are to be expected because of the way they are computed. When DM 2 is 
less than DM 1, a negative value is obtained for DM2-1. When a negative 
value for DM2-1 is multiplied by a negative value for DM 2, a positive 
value results for the covariance. In a like manner, when DM 2 is 
positive and larger than DM 1, DM2-1 is positive and the product of DM2-1 
and DM 2 is positive. 
Genetic correlations between DF 2 and DF2-1 are all positive and 
range from 0.367 + 0.078 in set 5 to 0.554 + 0.141 in set 6. The estimates 
are expected to be positive for the same reasons given for the correlations 
between DM 2 and DM2-1 being positive. 
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The positive genetic correlation between DM 2 and DM2-1 suggests 
that genes which cause DM 2 to be large also cause DM2-1 to be large 
and that cause DM 2 to be small also cause DM2-1 to be small. Cows that 
produce nearer to their mature yield in first lactation would have a 
smaller value for DM 2 and less of an increase in DM2-1 compared to cows 
that were less mature at first calving. Slower maturing cows would have 
a smaller value for DM 1 and a larger value for DM 2. This would result 
in a larger value for DM2-1. 
4. Correlated responses due to selection 
Selection on one trait will cause a change in the genotypes and 
phenotypes of other traits, if they are genetically correlated. For 
predicting the correlated response in trait Y (CRy) when selections are 
based wholly on trait X, one needs the genetic regression of Y on X, i.e. 
where is the response of direct selection on trait X. 
The correlated responses given in Table 25 were computed using the 
genetic correlations and heritability estimates from the paternal half-
sib analysis of data set 6. The means of the traits are listed at the 
right of the table. 
Direct selection on DM 1 to increase average production by 1.0 per 
cent (142.6 pounds) would cause an expected increase in A 1 by 0.0312 
months and would cause DM2-1 to decrease an additional 47.4 pounds. Age 
Cov(GyGx) 
Table 25. Expected average change in trait Y when selection is based wholly on trait X. 
Correlated responses are computed assuming a 1.0 per cent change in 
Trait A 1 A 2 A2-1 DM2-1 DF2-1 Mean 
DM 1 0.0312 0.0710 0.0398 -47.3752 -1.2464 14,261 
DF 1 0.0258 0.0597 0.0339 -4.5306 0.2853 530 
DM 2 -0.0085 0.0312 0.0397 22.6859 1.1255 13,859 
DF 2 0.0026 0.0225 0,0199 31.2619 1.3430 510 
MM 1 0.0083 0.0391 0.0308 -35.0022 -0.8767 13,533 
MM 2 0.0016 0.0346 0.0330 14.2693 0.8603 13,348 
MF 1 0.0208 0.0469 0.0261 3.5445 0.4658 497 
MF 2 0.0156 0.0341 0.0185 23.9704 1.0937 487 
^Parameters from data set 6. 
^Traits A 1, A 2 and A2-1 are in months. Other traits are in pounds. 
^Means for deviated traits is sum of deviations plus mean for trait. 
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at second calving would increase by 0.071 months while DF2-1 would de­
crease an additional 1.25 pounds. 
An annual rate of improvement of one per cent in milk yield is 
quite feasible. Assuming a constant increase for DM 1 of 142.6 pounds 
of milk per year, it would take an expected 40.25 years to increase 
average milk production to 20,000 pounds. The correlated response in A 1 
would cause an increase of 1.26 months. Thus, A 1 would increase from 
27.07 to 28.33 months. Age at second calving would increase from 39.7 
to 42.5 months. DM2-1 would decrease an additional 1904 pounds to -2122 
pounds while DF2-1 would decrease an additional 50.2 pounds to -61.2 
pounds of milk fat. 
Thus, after approximately nine generations of selection wholly on 
milk production, the change in age at first calving would be fairly 
negligible. The increase in A 2 would be over twice as large and A2-1 
would also increase more than A 1. The expected response in increased 
milk production would outweigh the small increase in age at calving. Also, 
the accuracy of estimates of correlated responses could not, based on 
small animal data, be considered precise enough to really justify pre­
diction for many generations. 
Selection on production as deviation from RAHA would be more rapid 
than selection on mature equivalent production because the environmental 
effects of herds and year-season are adjusted for with deviation records. 
The increase in age at first calving would be larger when selecting on 
deviation production. An increase in mature equivalent milk production 
in lactation one from 13,533 pounds to 20,000 pounds with selection wholly 
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on milk production would take an expected 47.8 years. This assumes a 
constant increase of 135.3 pounds of milk per year. As a correlated 
response, age at first calving would increase from 27.07 months to 27.47 
months. The increase in second lactation mature equivalent milk pro­
duction would be less than when selecting on deviation production. 
F. Estimation of Regressions in Analysis I 
The within-sire regressions of actual production in lactation one 
on age at first calving were used by Killers and Freeman (1965) as a 
measure of rate of maturity. They found the regressions differed 
significantly among the 28 sires studied. This is one measure of • 
maturity rate that can be obtained with first lactation information. It 
could supplement sire selection based on production information on the 
daughters. Regression analysis was included in this study for these 
reasons. Two separate analysis were made. The first was made ignoring 
herd-year-seasons. Herd-year-seasons were considered in the second 
analysis. 
1. Traits and data used 
Actual production in lactation one and the difference of lactation 
two minus lactation one expressed as deviations from RAHA were regressed 
on age at first calving in this section. 
Data sets 6, 7 and 7A were used. Data set 6 consists of 50 sires 
each with 40 or more daughters with two or more lactations. Data set 7 
consists of 92 sires each with 30 or more daughters with two or more 
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lactations. Data set 7A is an expansion of set 7 to include all first 
lactations even though there was no corresponding second lactation. There 
were 3,755 additional single first lactation daughters for the 92 sires 
in data set Ik. Data sets 6 and 7 are not independent. The 50 sires in 
set 6 are included in the 92 sires in sets 7 and 7A. 
The objective of this section of the dissertation was to test the 
hypothesis that the individual sire regressions of production on age at 
calving are homogeneous. If the regressions are not homogeneous, it 
would indicate there are sire differences in the rate at which their 
daughters increase in production level with an increase in age at calving. 
This would indicate possible differences in rate of maturity among sire 
progeny groups. 
Data set 6 was used to study the regression of actual production in 
first lactation on age at first calving and the regression of increase 
in production from first to second lactation on age at first calving. 
Data sets 7 and 7A were used to determine if selection on the basis 
of first lactation yield would change the regressions of actual production 
in first lactation on age at first calving. 
2. Methods of estimation and results 
The model assumed for regression analysis I was: 
j = A-<w4- + b (X^ j  -  X . . )  +  b^ (X^ j  -  X £ . )  +  
+ b^ (Xij - Xn") + ®ij 
where = the record of the daughter of the i^^ sire 
= the over all mean 
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= the effect of the sire 
= the age at calving of the daughter of the i^^ sire 
— th. 
= the mean age of daughters of the i sire 
X . .  =  t h e  m e a n  a g e  o f  a l l  d a u g h t e r s  
b = the average regression of production on age over all sires 
b. = the regression coefficient for the i^^ sire as a deviation 
from the average regression of all sires. 
and e.. = the random error. 
ij 
The X. .'s are assumed to be measured without error. The e. .'s are 
2 
assumedN(0, 6^) and independent of all other effects. The b^ are 
assumed to be linear. 
The individual regressions were calculated for the production 
traits on age at calving for each of the sire groups. The homogeneity 
of the regression coefficients was then considered. Table 26 lists the 
individual regressions of production on age at first calving for the 50 
sires in set 6. 
The pooled regression of AM 1 on A 1 was + 76.2 + 9.3 pounds of 
milk per month of age. The individual sire regressions varied from -84 + 
66 pounds of milk per month of age for sire 5994 to +322 + 104 pounds of 
milk per month of age for sire 3880. Six of the 50 individual sire 
regressions for milk were negative. Killers and Freeman (1965) reported 
a range from -9 to +258 pounds of milk per month of age for the 28 sires 
with daughters in 76 herds in California data. 
The pooled regression of AF 1 on A 1 was + 3.5 + 0.3 pounds of milk 
fat per month of age. The individual sire regressions varied from -2.7 + 
Table 
Sire 
204 
561 
648 
660 
702 
952 
991 
1138 
1174 
1527 
1998 
2126 
2328 
2598 
2684 
2858 
2973 
3263 
3330 
3461 
3824 
3880 
4113 
4239 
4453 
5561 
Within-sire regressions of production on age at first calving for the 50 sires in 
data set 6 
Regressions 
Number of Average Actual Actual 
daughters age mos. milk® milk fat DM2-1^ DF2-1 
49 26.2 -2.8 + 11.8 -1.8 + 3.9 13.6 + 13.9 6.7 + 5.1 
52 28.0 10.6 + 7.4 5.3 + 3.0 -12.6 + 8.5 -7.7 + 3.2 
44 26.1 10.6 + 10.9 4.6 + 4.1 0.4 + 11.4 -0.5 + 4.2 
144 27.2 0.6 + 4.8 1.8 + 1.6 -8.2 + 5.9 -4.1 + 2.1 
70 25.5 0.8 + 7.9 1.9 + 2.9 7.1 + 8.6 0.1 + 3.3 
96 27.8 6.0 + 6.2 3.4 + 2.0 -3.6 + 8.2 -2.3 + 2.8 
138 28.3 9.5 + 4.9 3.9 + 1.7 5.5 + 5.8 2.6 + 2.2 
66 26.4 6.1 + 8.7 2.3 + 3.2 1.1 + 10.3 -1.5 + 3.8 
42 28.5 8.1 + 9.0 2.1 + 3.2 -8.4 + 10.4 -3.5 + 3.8 
74 27.5 14.4 + 7.7 4.6 + 2.5 4.9 + 8.8 -0.0 + 3.1 
73 26.1 10.7 + 8.1 6.2 + 2.6 -14.7 + 8.8 -7.2 + 3.4 
56 27.9 1.2 + 7.7 3.2 + 2.9 9.4 + 10.6 2.0 + 3.6 
71 26.6 -5.6 + 8.0 1.5 + 2.7 5.8 + 9.8 2.1 + 3.5 
50 27.5 17.3 + 10.1 3.4 + 3.4 -25.1 + 13.4 -7.5 + 5.1 
198 26.0 9.2 + 4.9 3.0 + 1.8 -11.6 + 5.6 -4.4 + 2.2 
59 26.7 3.0 + 9.3 4.8 + 2.8 -14.3 + 8.9 -5.5 + 3.4 
41 26.4 14.4 + 10.6 7.6 + 3.5 2.3 + 9.1 -1.3 + 3.4 
58 27.5 13.2 + 7.2 3.6 + 2.6 -7.7 + 9.3 -0.7 + 3.5 
74 27.0 18.7 + 6.0 6.5 + 2.1 -9.9 + 8.3 -4.1 + 2.9 
143 27.6 6.6 + 4.6 2.7 + 1.7 -3.6 + 6.5 -1.4 + 2.4 
51 27.9 29.5 + 8.5 11.1 + 3.2 -8.4 + 8.7 -3.0 + 3.3 
43 26.3 32.2 + 10.4 8.7 + 3.6 -28.5 + 12.3 -9.0 + 4.5 
40 27.6 13.1 + 11.2 4.1 + 3.1 -25.0 + 11.5 -8.5 + 4.0 
70 26.2 5.6 + 7.6 0.5 + 2.7 -2.3 + 9.5 -0.3 + 3.5 
63 27.0 5.3 + 9.7 2.8 + 3.5 -2.3 + 11.1 -1.6 + 4.0 
40 27.1 5.9 + 10.4 4.7 + 3.1 -31.7 + 10.5 -13.6 + 3.8 
Table 26. Continued 
Regressions 
Number of Average Actual Actual 
Sire daughters age mos. milk milk fat DM2-1^ DF2-1 
5651 54 26.1 -0.4 + 7.7 -0.5 + 2.6 3.3 + 9.8 -0.0 + 3.5 
5854 46 27.0 12.5 + 7.9 6.1 + 2.9 -5.8 + 9.0 -2.5 + 3.4 
5994 58 27.2 -8,4 + 6.6 -2.7 + 2.5 25.9 + 7.4 8.2 + 2.7 
6399 62 27.5 12.9 + 5.9 4.7 + 2.3 -14.9 + 7.3 -5.4 + 2,6 
6561 44 26.7 17.7 + 11.3 7.4 + 4.1 5.4 + 15.0 -0.1 + 5.7 
6567 212 27.3 1.9 + 3.7 2.1 + 1.5 -7.0 + 4.7 -2.6 + 1.8 
6568 121 27.4 10.2 + 5.5 4.8 + 2.0 5.2 + 5.7 0.8 + 2.2 
6729 75 27.3 9.7 + 6.2 5.4 + 2.2 -6.7 + 5.3 -3.8 + 2.2 
6774 107 28.0 6.3 + 5.4 2.1 + 2.0 1.9 + 5.5 1.0 + 2.2 
7093 50 27.9 16.1 + 8.4 5.3 + 2.9 -1.9 + 10.6 -2.1 + 3.7 
7313 51 26.2 6.0 + 9.2 3.6 + 3.2 2.6 + 8.8 1.6 + 3.5 
7372 50 26.1 14.4 + 8.4 6.3 + 3.0 -22.5 + 10.7 -7.7 + 4.2 
7497 158 28.0 8.7 + 4.7 4.4 + 1.7 -5.7 + 5.5 -3.0 + 2.0 
7500 110 27.3 8.1 + 5.5 4.7 + 2.1 -3.4 + 7.3 -3.5 + 2.7 
7510 332 26.1 5.7 + 3.5 3.1 + 1.2 -4.9 + 4.0 -3.0 + 1.5 
7834 64 26.4 11.1 H- 7.3 5.3 + 2.5 -15.6 + 8.8 -5.2 + 3.1 
8237 74 26.9 21.4 + 7.8 8.0 + 2.8 "6.3 + 7.7 -3.6 + 3.1 
8240 113 27.5 6.1 + 5.2 2.6 + 2.0 -5.4 + 6.2 -2.7 + 2.2 
8595 75 27.5 -6.4 + 8.7 -1.6 + 2.9 8.6 + 10.3 1.3 + 3.7 
8601 84 26.5 0.1 + 7.5 0.8 + 2.6 -13.8 + 8.7 -4.9 + 3.0 
9010 80 27.1 -5.3 + 7.6 -0.9 + 2.6 5.1 + 8.5 2.6 + 3.3 
9274 59 27.3 14.0 + 10.3 6.6 + 3.4 -19.9 + 12.6 -7.5 + 5.0 
9538 295 27.2 9.0 + 4.0 3.6 + 1.6 -1.0 + 4.4 -2.1 + 1.7 
9590 103 27.6 3.3 + 5.8 2.3 + 2.0 3.7 + 7.7 1.5 + 2.7 
^Original milk to 10 pounds. 
Table 26. Continued 
Regressions 
Number of Average Actual Actual 
Sire daughters age mos, milk milk fat DM2-1^ DF2-1 
5651 54 26.1 -0.4 + 7.7 -0.5 + 2.6 3.3 + 9.8 -0.0 + 3.5 
5854 46 27.0 12.5 + 7.9 6.1 + 2.9 -5.8 + 9.0 -2.5 + 3.4 
5994 58 27.2 -8.4 + 6.6 -2.7 + 2.5 25.9 + 7.4 8.2 + 2.7 
6399 62 27.5 12.9 + 5.9 4.7 + 2.3 -14.9 + 7.3 -5.4 + 2.6 
6561 44 26.7 17.7 + 11.3 7.4 + 4.1 5.4 + 15.0 -0.1 + 5.7 
6567 212 27.3 1.9 + 3.7 2.1 + 1.5 -7.0 + 4.7 -2.6 + 1.8 
6568 121 27.4 10.2 + 5.5 4.8 + 2.0 5.2 + 5.7 0.8 + 2.2 
6729 75 27 .3 9.7 + 6.2 5.4 + 2.2 -6.7 + 5,3 -3.8 + 2.2 
6774 107 28.0 6.3 + 5.4 2.1 + 2.0 1.9 + 5.5 1.0 + 2.2 
7093 50 27.9 16.1 + 8.4 5.3 + 2.9 -1.9 + 10.6 -2.1 + 3.7 
7313 51 26.2 6.0 + 9.2 3.6 + 3.2 2.6 + 8.8 1.6 + 3.5 
7372 50 26.1 14.4 + 8.4 6.3 + 3.0 -22.5 + 10.7 -7.7 + 4.2 
7497 158 28.0 8.7 + 4.7 4.4 + 1.7 -5.7 + 5.5 -3.0 + 2.0 
7500 110 27.3 8.1 + 5.5 4.7 + 2.1 -3.4 + 7.3 -3.5 + 2.7 
7510 332 26.1 5.7 + 3.5 3.1 + 1.2 -4.9 + 4.0 -3.0 + 1.5 
7834 64 26.4 11.1 7.3 5.3 + 2.5 -15.6 8.8 -5.2 + 3.1 
8237 74 26.9 21.4 + 7.8 8.0 + 2.8 -6.3 + 7.7 -3.6 + 3.1 
8240 113 27.5 6.1 + 5.2 2.6 + 2.0 -5.4 + 6.2 -2.7 + 2.2 
8595 75 27.5 -6.4 + 8.7 -1.6 + 2.9 8.6 + 10.3 1.3 + 3.7 
8601 84 26.5 0.1 + 7.5 0.8 + 2.6 -13.8 + 8.7 -4.9 + 3.0 
9010 80 27.1 -5.3 + 7.6 -0.9 + 2.6 5.1 + 8.5 2.6 + 3.3 
9274 59 27.3 14.0 + 10.3 6.6 + 3.4 -19.9 + 12.6 -7.5 + 5.0 
9538 295 27.2 9.0 + 4.0 3.6 + 1.6 -1.0 ± 4.4 -2.1 + 1.7 
9590 103 27.6 3.3 + 5.8 2.3 + 2.0 3.7 + 7.7 1.5 + 2.7 
^Original milk to 10 pounds. 
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2.5 pounds of milk fat per month of age for sire 5994 to +11.1 + 3.2 
pounds of milk fat per month of age for sire 3824. Four of the in­
dividual sire regressions were negative. Killers and Freeman (1965) 
reported a range from -4 to 4-11 pounds of milk fat per month of age for 
the sires in the California data. 
To evaluate the homogeneity of the within-sire regressions of 
production on age, analyses of variance were computed to test the added 
reduction in variance obtained from fitting the individual regressions. 
The results are given in Table 27 for actual milk and milk fat production 
in lactation one on age at first calving. Neither of the tests are 
significant with P< 0.05, indicating that there is no evidence to reject 
the hypothesis that the individual regressions of actual production in 
lactation one on age at first calving in this selected data set are 
homogeneous. 
Data set 6 did not include single first lactation records. Only 
cows with two or more lactations were included. To study if the regres­
sions of actual production in lactation one on age at first calving may 
be different when all first lactations are included in the analysis, 
data sets 7 and 7A were analyzed. Set 7 includes first lactations of 
cows with two or more records while set 7A includes all first lactations. 
Table 28 lists some descriptive statistics for the two data sets. 
The differences between the single first lactation records and the first 
lactation records of cows with two or more lactations are in levels of 
production and in number of days in milk. 
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Table 27. Analysis of variance to test homogeneity of regressions of 
actual milk and milk fat production in lactation one on age at 
first calving for the 50 sires in data set 6 
Degrees of Sums of Mean 
Source freedom squares squares 
Milk^ 
Total within sire 4,330 163,046,554 
Reduction due to 
fitting 50 4,358,893 
Reduction due to 
fitting b 1 2,455,562 
Additional reduction 49 1,903,331 38,843 
Error 4,280 158,687,661 
Computed F = 1.05 
37,077 
Milk fat 
Total within sire 4,330 21,053,805 
Reduction due to 
fitting bi 50 721,369 
Reduction due to 
fitting b 1 513,980 
Additional reduction 49 207,389 4,232 
Error 4,280 20,332,346 
Computed F = 0.89 
4,751 
^Original milk to nearest 10 pounds. 
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Table 28. Descriptive statistics for data sets 7 and 7A 
All first 
lactations 
(Set 7A) 
First lactations 
of cows with 2 
or more lacta­
tions (Set 7) 
Single 
first 
lacta-
ions^ 
1. Number of cows 11,608 7,853 3,755 
2. Average age at calving 27.1 27.1 27.2 
3. Average days in milk 282 296 254 
4. Average actual pounds 
milk 10,153 10,396 9,647 
5. Average actual pounds 
milk fat 372 382 351 
6. Average mature 
equivalent milk 12,942 13,258 12,281 
7. Average mature 
equivalent milk fat 475 488 447 
8. Average deviation 
pounds milk 176 486 -472 
9. Average deviation 
pounds milk fat 13.4 26.4 -13.9 
10. Average herdmate 
average milk 12,766 12,772 12,754 
11. Average herdmate 
average milk fat 461 461 461 
^These records were added to Set 7 to form Set 7A. 
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The individual within-sire regressions of actual milk and milk fat 
in lactation one were computed for all first lactations (set 7A) and only 
for first lactations of cows with multiple lactations (set 7). The pooled 
within-sire regression for actual milk on age at first calving was +74,4 + 
6.0 pounds, per month of age while that for milk fat was +3.15 + 0.2 
pounds per month of age for all first lactations. The corresponding 
estimates for the first lactations of cows with multiple records were 
+79.2 +7.1 pounds of milk per month of age and 3.4 + 0.3 pounds of milk 
fat per month of age. 
The individual regressions varied from -145 to +363 pounds of milk 
per month of age for the first lactations of the multiple record group 
and from -102 to +262 pounds of milk per month of age for the all first 
lactation group. The individual regressions ranged from -3.7 to +12.9 
pounds of milk fat per month of age for the multiple record group and 
from -3.7 to +10.5 for all first lactations, respectively. 
The analysis of variance to test the homogeneity of the within-sire 
regressions is given in Table 29 for the all first lactation group and 
in Table 30 for the first lactations of the multiple record group. None 
of the overall tests are significant giving no evidence to reject the 
hypothesis that the individual regressions are homogeneous. 
Killers and Freeman (1965) found the individual regressions for 
actual milk and milk fat production on age at calving in lactation one 
for the 28 sires in the California data were heterogeneous. Both of the 
F tests were significant, with a probability of less than 0.01. To 
further evaluate the reasons for the heterogeneity, they computed the 
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Table 29. Analysis of variance to test homogeneity of regressions of 
actual milk and milk fat production in lactation one on age at 
first calving for all first lactation records for the 92 sires 
in set 7A 
Source 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares 
Total within sire 
Reduction due to 
fitting 
Reduction due to 
fitting b 
Additional reduction 
Error 
Milk 
11,516 
92 
1 
91 
11,424 
477,958,379 
10,472,900 
6,312,904 
4,159,996 
467,485,479 
Computed F = 1.10 
45,714 
40,921 
Total within sire 
Reduction due to 
fitting 
Reduction due to 
fitting b 
Additional reduction 
Error 
Milk fat 
11,516 
92 
1 
91 
11,424 
62,633,673 
1,622,639 
1,128,848 
493,791 
61,011,034 
Computed F = 1.02 
5,426 
5,341 
Original milk to nearest 10 pounds. 
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Table 30. Analysis of variance to test homogeneity of regressions of 
actual milk and milk fat production in lactation one on age 
at first calving for cows with two or more records for the 
92 sires in set 7. 
Source 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares 
Total within sires 
Reduction due to 
fitting 
Reduction due to 
fitting b 
Additional reduction 
Error 
Milk 
7761 
92 
1 
91 
7569 
297,984,888 
8,015,629 
4,666,637 
3,348,992 
289,969,259 
Computed F = 0.97 
36,802 
37,811 
Total within sires 
Reduction due to 
fitting b^ 
Reduction due to 
fitting b 
Additional reduction 
Error 
Milk fa* 
7761 
92 
1 
91 
7669 
38,436,908 
1,292,284 
867,606 
424,678 
37,144,624 
Computed F - 0.96 
4,667 
4,843 
^Original milk to nearest 10 pounds. 
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within-herd regressions and found large herd differences in rate of 
maturity as measured by the regressions. Regressions of actual production 
on age were computed within each sire-herd combination to investigate the 
relative importance of sires and herds in determining rate of maturity. 
The regressions obtained were then used as observations in an analysis 
of variance in a cross classification model with sires, herds and the 
interaction of sires by herds. The ratio of the herd component of vari­
ance to the sire component of variance showed herds were three times as 
important in determining maturity as were sires for milk production, while 
herds and sires were equally important for milk fat productions in the 
Califomis data. 
California herd replacement programs are larger in scale than 
most in Iowa. Replacements are managed more as a separate enterprise 
in the big herds where dairying is the only business. Contract heifer 
raising is a common practice. Heifer calves are sold to replacement 
growers and purchased back as springers for the milking herd. The 
nutritional level at different phases of the heifer raising process varies 
between replacement growers. The same is true for dairies that raise 
their own replacements. 
Heifer calves are individually penned until about 60 days of age. 
They are then grouped by size and moved by groups through the heifer 
raising program. 
Some replacement systems use optimum feeding for maximum growth 
whereas others utilize pasture and other cheaper sources of feed for 
economic reasons. The annual calving cycle is not as important in the 
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California market. Replacements are brought into the milking string 
throughout the year. 
Iowa dairymen raise replacements more as an integral part of the 
milking herd. They tend to follow a regular calving cycle as pointed 
out by Andrus _et _al. (1970). Hence, Iowa dairymen try to freshen their 
heifers at 24 months of age. The modal age at first freshening found 
in Iowa data by Andrus _et _al. (1970) was 25 months. Killers and Freeman 
(1965) reported the modal age at freshening for the California heifers 
was 30 months. 
The larger number of daughters per sire, with daughters in more 
herds, coupled with differences in replacement raising programs in 
California may be the reason the within-sire regressions of actual 
production on age at first calving were heterogeneous. Another possible 
reason the regressions were heterogeneous in California data and homo­
geneous in the Iowa data is that cows are slower maturing under California 
conditions. The age and month of calving adjustment factors reported by 
Norman _et _al- (1974) are larger for the California region than for the 
Iowa region for the younger ages. This would allow additional time for 
environmental causes to influence growth patterns and the regressions of 
actual production on age at first calving. 
There is no evidence to support the hypothesis of differences in 
rate of maturity of sire progeny as measured by the within-sire regressions 
of actual production in first lactation on age at calving in these data. 
All tests for both actual milk and milk fat were non-significant giving 
no evidence to reject the hypothesis that the individual sire regressions 
are homogeneous. 
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Culling of first lactation cows has a negligible effect on the 
regression of actual production in lactation one on age at first calving. 
When the 3,755 single first lactation records were added to the 7,853 
first lactation records of cows with two or more lactations in set 7 to 
form set 7A, the average regression remained essentially the same. 
The other measure of rate of maturity used in the regression analysis 
was the increase in production from first to second lactation. The in­
dividual sire regressions of DM2-1 and DF2-1 on A 1 for the 50 sires in 
data set 6 are also shown in Table 26. Assuming the age adjustment 
factors are appropriate for the population and if there was no selection 
based on first lactation yield these regressions should approach zero 
if differences in rate of maturity were unimportant. However, selection 
on first lactation should cause a negative bias because of incomplete 
repeatability between first and second lactations and differences in 
maturity rate would cause a positive bias, if the daughters of some sires 
continued to mature more rapidly than the average. 
The pooled regression of DM2-1 on A 1 was -46.4 + 10.9 pounds of 
milk per month of age. The individual sire regressions range from -285 + 
123 pounds of milk per month of age for sire 3880 to +259 + 74 pounds per 
month of age for sire 5994. It is interesting that sire 3880 had the 
largest regression of +322 pounds of AM 1 per month of age and the most 
negative for DM2-1 on A 1. The small number of daughters, 43, and the 
effects of culling could easily cause these results. Of the 50 sires, 
32 had a negative regression for this measure of maturity rate. 
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The pooled regression of DF2-1 on A 1 was -2.2 + 0.4 pounds per 
month of age. The individual sire regressions varied from -13.6 +3.8 
pounds of milk fat per month of age for sire 5561 with 40 daughters to 
+6.7 + 5.1 for sire 204 with 49 daughters. Thirty-eight of the 50 sire 
regressions were negative. The negative regressions could result from 
selection on first lactation yield. With incomplete repeatability, the 
production level of those cows allowed to produce a second record would 
be expected to average less than their first lactations on an age 
corrected basis. Failure of age adjustment factors to fit the data would 
also contribute to the difference. This would be particularly true for 
younger aged cows. If first lactations are over corrected or second 
lactations are under corrected, we would expect a decrease in DM 2 and 
DF 2 records compared to DM 1 and DF 1 lactation records. 
The fact that the overall regressions of DM2-1 on A 1 and DF2-1 on 
A 1 are negative is not important compared to the differences between the 
within-sire regressions. To evaluate the homogeneity of the within-sire 
regressions, analyses of variance were computed to test the added reduc­
tion in variance obtained from fitting the individual regressions. The 
results are in Table 31. The F value of 1.32 for the regressions of DM2-1 
on A 1 is sigificant at the P<.10 level and indicates that the hypothesis 
that the individual sire regressions are homogeneous cannot be accepted. 
The F value for the regressions of DF2-1 on A 1 is 1.23 which is signifi­
cant at the P < .15 level. It appears there are differences in the linear 
regressions of increase in deviation production from first to second 
lactation on age at first calving between sire progeny groups. 
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Table 31. Analysis of variance to test homogeneity of regressions of DM2-1 
and DF2-1 on age at first calving for the 50 sires in data set 
6 
Degrees of Sums of Mean 
Source freedom squares squares 
DM2-1^ 
Total within sire 4,330 223,716,220 
Reduction due to 
fitting 50 4,058,705 
Reduction due to 
fitting b 1 742,346 
Additional reduction 49 3,316,359 67,681 
Error 4,280 219,657,515 
Computed F = 1.32 
51,322 
DF2-1 
Total within sires 4,330 30,925,208 
Reduction due to 
fitting b^ 50 625,664 
Reduction due to 
fitting b 1 199,624 
Additional reduction 49 426,040 8,695 
Error 4,280 7,007 
Computed F = 1.23 
7,079 
^Original milk to nearest 10 pounds. 
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Selection could also account for the heterogeneity among the 
individual sire regressions. The per cent of daughters culled after one 
lactation varied from 14.3 per cent to 50.1 per cent among the sires. 
The average was 32.3 per cent first lactation heifers culled. 
Differences in production levels of the progeny of sires may 
also cause the within-sire regressions to be heterogeneous. If a bull 
sires daughters that are larger at first calving and produce more milk, 
they will usually receive more feed to produce the larger amount of milk. 
Extra feed may enable them to grow nearer to mature size during the first 
lactation. In contrast, another bull may sire daughters that are smaller 
at first calving. Dairymen tend to delay breeding smaller heifers for 
second calving and allow a longer dry period for growth before second 
lactation - if production is acceptable. If these situations do exist, 
the heterogeneity of the regressions of DM2-1 and DF2-1 on A I may reflect 
differences in rate of maturity. 
G. Estimation of Regressions in Analysis II 
Using the within-sire regressions of actual production in first 
lactation on age at first calving as observations, Hillers and Freeman 
(1965) showed herds were about three times as important as sires in 
determining rate of maturity for milk production and that herds were as 
important as sires for milk fat production in California data. 
In this section of the thesis, the individual within-sire 
regressions were computed within herd-year-season and then tested for 
homogeneity. 
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1. Traits and data used 
Age at first calving, actual milk production in lactation one and 
two and deviation from RAHA milk production in lactation one and two were 
used in this section. 
Data set 3 was used in these analyses. The records for all sires 
with two or more daughters beginning their first record in the same herd-
year-season were included. Each daughter was required to have two or 
more records and single daughters of a sire in a herd-year-season were 
excluded. 
There were 819 sires with a total of 8,352 daughters used. They 
represented 2,742 herd-year-seasons. Two additional subsets of the 
819 sire set were made. All sires with 10 or more daughters were evaluat­
ed. There were 246 sires with a total of 5,281 daughters from 1,722 
herd-year-seasons represented in this group. The third group consisted of 
90 sires from the 92 sires in data set 7 that had daughters meeting the 
requirements for inclusion in this section. The 90 sires had 3,074 
daughters in 1,180 herd-year-seasons. The three groups are referred to as 
the 819 sire group, the 246 sire group and the 90 sire group, respectively 
throughout this section. 
The objective in this section was to test the hypothesis that the 
individual sire regressions of production on age at first calving computed 
on a within herd-year-season basis are homogeneous. The 819 sire group 
and the 246 sire group were included to see if small numbers of daughters 
per sire would cause heterogeneous regressions. Of the 819 sires, there 
were 573 who averaged only 3.6 daughters per sire. The 246 sire group 
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was restricted to sires with a minimum of 10 daughters. The average was 
21.7 daughters per sire. 
The 90 sire group includes 90 of the 92 sires from data set 7 (which 
were studied in the previous section) who had sufficient daughters to 
qualify for the within herd-year-season analysis in this section. They 
were included to study differences in the results of the two regression 
analyses. 
2. Methods of estimation and results 
The model assumed for regression analysis II was: 
YijK HYS^ + Sj + b(Xj^ - X..) 4- bj (Xj^. - Xj„) + ... 
Where Y. = the record of the daughter of the sire made in 
the i^^ herd-year-season 
= the overall mean 
HYS^ = the effect of the i^^ herd-year-season 
Sj = the effect of the sire 
Xjk = the age at calving of the k^^ daughter of the sire 
Xj. = the mean age of daughters of the j sire 
X*' = the mean age of all daughters 
b = the average regression of production on age over all sires 
b. = the regression coefficient for the sire as a 
^ deviation from the average regression of all sires 
and e. = the random error. 1JK 
The X., are assumed to be measured without error. The e 's jk ijk 
are assumed ^  N(0,6^) and independent of all other effects. The b. 
e J 
are assumed to be linear. 
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The individual regressions were calculated for AM 1 on A 1 for each 
of the sire groups and analyzed for homogeneity. Using a similar model, 
the regressions of AM 2 on AM 1 and of DM 2 on DM 1 were also computed 
and tested for homogeneity. 
The pooled regressions for AM 1 on A 1 were 137,9 + 68.1, 132.6 + 
11.4 and 113.0 + 15.9 pounds of milk per month of age for the 819 sire 
group, the 246 sire group and the 90 sire group, respectively. 
The 95 per cent confidence interval for the 246 sire group pooled 
regression is 110.3 to 154.9 pounds. The estimates of the regressions 
of the 819 sire group and the 90 sire group are contained in this inter­
val. 
The large standard error for the 819 sire group regression coefficient 
results from the small number of daughters for a majority of the sires. 
There were 573 sires with an average of 3.6 daughters per sire. 
The 246 sire group had a minimum of 10 daughters per sire and 
averaged 21.7 daughters per sire. The regression coefficient for this 
group had the smallest standard error. After a minimum number of daugh­
ters per sire is included, increased accuracy in estimating the regression 
coefficient probably depends on increasing the number of sires. This may 
be the reason the 246 sire group pooled regression of actual milk in 
lactation one on age at first calving was estimated with a smaller 
standard error than the 90 sire group who had more daughters per sire. 
The smaller regression coefficient for the 90 sire group compared 
to the other two groups in this section probably results from the sires 
being used over a larger genetic base because of a larger number of 
daughters per sire. 
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In the regression analysis I section, the pooled regression of 
actual milk in lactation one on age at first calving for data set 7 was 
79.2 + 7.1 pounds of milk increase per month of age increase in age at 
calving. The 92 sires in set 7 averaged 85.4 daughters per sire. When 
the regression was computed within herd-year-season in this section, 90 
of the 92 sires had two or more daughters that started first lactations 
within the same herd-year-season and thus met the restrictions for 
inclusion in this section. The pooled regression computed within herd-
year-season in this section for the 90 sire group was 113.0 + 15.9 pounds 
of milk per month of age. This indicates that herds and or year-seasons 
have large effects on the regressions. 
The analyses of variance to test the homogeneity of the within-
sire regressions for AM 1 on A 1 are in Table 32 for the 819 sire group, 
in Table 33 for the 246 sire group and in Table 34 for the 90 
sire group. None of the F tests are significant. There is no evidence 
to reject the hypothesis that the individual within-sire regressions of 
actual milk in lactation one on age at first calving are homogeneous. 
These results, accounting for herd-year-season differences in the model, 
confirm those in the previous section. There is no evidence that daugh­
ters of sires differ in rate of maturity by this measure. 
The average regressions for AM 2 on AM 1 were 0.627 + 0.014 for the 
819 sire group, 0.642 + 0.018"for the 246 sire group and 
0.642 + 0.025 for the 90 sire group. These average regressions may be 
considered as estimates of repeatability. They are larger than most 
estimates found in the literature but this is expected because they were 
computed within sire and herd-year-season. 
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Table 32. Analysis of variance to test homogeneity of regressions of 
actual milk in^lactation one on age at first calving for 
819 sire group 
Source 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares 
Total within sire 
Reduction due to 
fitting 
Reduction due to 
fitting b 
Additional reduction 
Error 
5,610 
819 
1 
818 
4 , 7 9 1  
143,029,387 
28,279,429 
5,651,969 
22,627,460 27,662 
114,749,958 23,951 
Computed F = 1.15 
^Original milk coded to nearest 10 pounds. 
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Table 33. Analysis of variance to test homogeneity of regressions 
of actual milk in lactation one on age at first calving 
for 246 sire group each with lo or more daughters 
included^ 
Source 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares 
Total within sire 
Reduction due to 
fitting bi 
Reduction due to 
fitting b 
Additional reduction 
Error 
3,559 
246 
1 
245 
3,313 
90,125,922 
9,380,389 
3,276,974 
6,103,415 
80,745,533 
Computed F 
24,912 
24,372 
= 1 .02  
Original milk coded to nearest 10 pounds. 
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Table 34. Analysis of variance to test homogeneity of regressions of 
actual milk in lactation one on age at first calving for 
90 sire groupé 
Source 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares 
Total within sire 
Reduction due to 
fitting 
Reduction due to 
fitting b 
Additional reduction 
Error 
1,894 
90 
1 
89 
1,804 
47,844,540 
3,704,335 
1,229,266 
2,475,069 
44,140,205 
Computed F 
27,809 
24,468 
= 1.14 
^Original milk coded to nearest 10 pounds. 
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The regressions of DM 2 on DM 1 were also tested for homogeneity 
within each sire group. The computed F values were 1.09 for the 819 
sire group, 1.14 for the 246 sire group and 0.93 for the 90 sire group. 
These are all non-significant and give no evidence to reject the hypothesis 
that the individual sire regressions are homogeneous. The average re­
gressions for DM 2 on DM 1 were 0.552 + 0.013 for the 819 sire group, 
0.562 + 0.168 for the 246 sire group and 0.560 + 0.023 for the 90 sire 
group. These regressions may also be considered as estimates of repeat­
ability. The estimates are quite similar for all three sire groups. 
They are slightly larger than the estimates computed in the repeatability 
section where the regression of DM 2 on DM 1 for the cows with two 
lactations was 0.516 + 0.011 and for the cows with three lactations the 
regression of DM 2 on DM 1 was 0.478 + 0.013. 
The results in this section show that the individual within-sire 
regressions of AM 1 on A 1 are homogeneous even with small numbers of 
daughters per sire when computed within herd-year-seasons. Including 
sires with small numbers of daughters did result in a pooled regression 
estimate with a large standard error. Restricting the number of daughters 
required per sire to 10 did not substantially change the value of the 
regression coefficient, but it greatly reduced the size of the standard 
error. 
Computing the regressions on a within herd-year-season basis resulted 
in a larger pooled estimate of regression for the 90 sires from data set 
7 that were included in this section compared to the estimate obtained 
in the previous section where herd-year-seasons were not considered. 
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V. SUMMARY AND CONCLUSIONS 
This study was conducted to investigate to what extent differences 
in rate of maturity in dairy cattle are genetically determined. Reports 
in the literature on other species suggest size at sexual maturity and 
final mature size are genetically controlled. Within normal levels of 
nutrition, differences in rate of maturity appear to be heritable. Some 
of the genetic studies with cattle suggest there are differences in rate 
of maturity. Differences between progeny groups in rate of maturity 
appear to be small and probably not important enough to warrant much 
consideration in sire evaluatio 
Data for this study were Holstein lactation records from the Iowa and 
Minnesota D.H.I.A. program. The original data file consisted of 243,563 
lactation records from 4,395 herds and included records with freshening 
dates from 1956 to 1963. Age at calving, actual production, 305-day,2x, 
M.E. production and deviation from RAHA production were the traits in­
cluded on the master file. 
Because no measure of maturity in dairy cattle is clearly established, 
several measures were evaluated. These included age at calving for first 
and second lactations, increase in milk and milk fat production from first 
to second lactation and the regression of production on age at first 
calving. 
Subsets of data from the master file were used in various parts of 
the dissertation. Restrictions on the minimum number of daughters per 
sire and the number of lactations per daughter were used to create the 
data sets used in the various analyses. 
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Estimates of repeatibility were computed by product-moment correla­
tions and by the regression of the second record of the pair on the first 
record of a pair. The correlation between first and second latation 
milk production was 0.450, while that between first and third lactation 
was 0.404. The correlation between second and third lactation milk 
production was 0.506. Estimates of repeatability from the regression 
analysis for deviation milk production were 0.478 for second on first, 
0.420 for third on first and 0.496 for third on second. The relationship 
between consecutive lactations is larger than between non-consecutive 
lactations. 
Estimates of heritability were computed with a paternal half-sib 
analysis using three data sets. Large differences in the estimates were 
found depending on the data sets used. Small numbers of daughters per 
sire in two of the data sets resulted in significantly larger estimates 
than in the third data set where a minimum of 40 daughters per sire were 
required. The major reason for the differences in the estimates obtained 
is probably because sires are confounded with herds and possibly years or 
seasons. 
Estimates of the genetic parameters from the 50 sire data set where 
each sire had 40 or more daughters are considered the most reliable. The 
heritability estimate of age at first calving was 0.146 while that for 
age at second calving was 0.177. For deviation milk production, the 
estimates were 0.210 for first lactation and 0.142 for second lactation. 
Corresponding estimates for deviation milk fat production were 0.255 for 
first lactation and 0.287 for second lactation. The heritability estimates 
for increase in production from first to second lactation was 0.082 for 
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milk and 0.066 for milk fat production, respectively. 
To evaluate reasons for the differences in the heritability estimates 
found in the three data sets, phenotypic and genetic variances were 
computed. The phenotypic variances were quite similar in all three data 
sets, bat the genetic variances in the two sets with small numbers of 
daughters per sire were considerably larger than for the third set. This 
implies sires and herd or year or season effects are confounded. The 
genetic variance was larger in first lactations for deviation milk 
production than for second lactations in all data sets. The phenotypic 
variances increased in second lactations for all sets. 
This same phenomenon of an increase in phenotypic variance and 
generally a decrease in the genetic variance from first to second lacta­
tion production has been reported by other workers. This is one explana­
tion for the lower estimates of heritability for second lactation pro­
duction traits compared to first lactation production traits. 
A group of 92 sires, each with 30 or more daughters, were used to 
evaluate the effects of selection in first lactation on the genetic and 
phenotypic variances for cows allowed to make additional lactations. The 
first analysis included all first lactation records while the second 
analysis included first lactations for cows with two or more consecutive 
lactations. A between and within sire analysis of variance was cal­
culated and the components of variance and heritability estimates computed. 
Selection on first lactation reduces the genetic and phenotypic variances 
in those populations allowed to produce a second record. The between 
and within sire components are reduced in the same proportion and thus 
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estimates of heritability are essentially the same for production traits 
in first lactation for all first lactation cows as they are for first 
lactation cows selected to produce additional records. 
Genetic and phenotypic correlations were computed between ages at 
calving, the production traits and the increase in production from first 
to second lactation as measures of rate of maturity. The results are 
given in Tables 21, 22 and 23. Genetic correlations and standard errors 
for selected traits are reported in Table 24. Estimates from the data 
set where each sire was required to have 40 or more daughters (Table 23) 
should be the most accurate. The genetic correlation between deviation 
milk production in lactation one and two was 0.747 + 0.089 while that for 
deviation milk fat production was 0.881 + 0.047. The genetic correlation 
between deviation milk production in first lactation and the increase from 
first to second lactation was -0.488 + 0.181 while that for milk fat was 
0.095 + 0.204. 
The negative genetic correlations between first lactation milk 
production and increase from first to second lactation suggest that genes 
which cause a large first lactation level also limit the increase in 
production from first to second latation. Assuming the age adjustment 
factors are appropriate, the higher producing cows in lactation one are 
more nearly mature for production characters in lactation one. They have 
a smaller increase in production from first to second lactation. 
Genetic regressions were computed and the correlated responses in age 
at calving and increase in production from first to second lactation were 
estimated when selection was on first lactation production. The results 
are presented in Table 25. 
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Direct selection to increase milk production in first lactation by 
1.0 per cent would cause an estimated correlated response of an increase 
of 0.312 months in age at first calving and a decrease of 47.4 pounds of 
milk for the difference between first and second lactation milk production. 
Assuming a constant increase in milk production of 143 pounds per year, it 
would require an estimated 40 years to reach 20,000 pounds of milk per 
cow. The correlated response would be an increase in age at first calving 
of 1.26 months. The difference between first and second lactation devia­
tion milk production would decrease an additional 1,900 pounds. 
Regression of production on age at first calving was another measure 
of rate of maturity studied. The overall regression and the within sire 
regressions of actual production on age at first calving were computed. 
The homogeneity of the regressions was then tested to determine if sire 
differences exist for this measure of maturity rate. 
Culling of first lactation cows had a negligible effect on the 
regressions of actual production in first lactation on age at calving 
for those cows allowed to make additional records. 
There is no evidence to support the hypothesis of differences in 
rate of maturity of sire progeny as measured by the within-sire regres­
sions of actual first lactation production on age at calving in these 
data. All tests for both actual milk and milk fat were non-significant 
giving no evidence to reject the hypothesis that the individual sire 
regressions are homogeneous. 
The other measure of rate of maturity used was the regression of 
increase in production from first to second lactation on age at first 
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calving. The results of the analysis indicated that the individual sire 
regressions are heterogeneous. It appears there are differences in the 
linear regressions of increase in deviation production from first to 
second lactation on age at first calving between sire progeny groups. 
There are genetic differences in rate of maturity in dairy cattle when 
rate of maturity is defined as the difference between deviation production 
in lactation one and lactation two. 
Heritability estimates for the change in production from first to 
second lactation are from one-third to one-half as large as that for 
first lactation production. The use of age adjustment factors favor the 
early maturing cows by over correcting first lactation yield. This 
automatically exerts indirect selection for early maturity. This appears 
desirable as long as first lactation yield increases and age at first 
calving is not adversely affected. The expected correlated response of 
increase in age at first calving when selection is for increased first 
lactation milk production does not appear large enough to cause concern. 
Thus, improvement in production is expected to be more rapid and important 
than any change in rate of maturity. 
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